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ABSTRACT
The need to employ sustainable water management 
practices is becoming increasingly crucial as the global 
water shortages increase. As more people migrate 
to urban areas the challenges facing a city’s ability 
to protect its fresh water resources will need to be 
addressed. The current models employed in Auckland 
deal with water in a manner that is unsustainable in 
terms of increasing water pollution and the increasing 
demand for clean water in a growing city.
Water is not often at the forefront of societal concerns 
in New Zealand until crisis points, such as the recent 
contamination of the Havelock North water supply and 
last year’s South Dunedin fl oods. It is important to 
educate the public about the issues facing the future 
of water management in Auckland by engaging in the 
conversation about solutions to ensure that action can 
be taken to avoid future crises.
The integration of technology into the public social 
environment through an engaging architectural 
intervention is needed to foster a society that 
understands the challenges, and can contribute to 
the solutions needed to ensure that water supply is 
guaranteed for the future. 
5
6
RORY KEEGAN | WATER REIGNS
ACKNOWLEDGEMENTS
I would like to thank my supervisor, 
Graeme McConchie who has offered guidance, 
encouragement and critical advice and direction 
through this project. I would also like to thank the 
entire Unitec architecture department staff and 
my fellow students for imparting knowledge on me 
and always challenging me to succeed during my 
bachelor and master degrees.
Additional thanks to the Todd Foundation for the 
generous scholarship towards completing this research.
Thank you to my family and friends
who have supported me throughout my studies and 
special thanks to my brother Tim for all his assistance 
with the preparation of this document.
7
CONTENTS
8
RORY KEEGAN | WATER REIGNS
9
 1 – INTRODUCTION  11
1.1 – Background 12
1.2 – Outline 14
1.3 – Aims / Objectives 14
1.4 – Research Question 15
1.5 – Scope and Limitations 15
1.6 – State of Knowledge 16
1.7 – Methodology 18
2 – THE CONTEXT OF WATER  21
2.1 – Natural to Urban 22
2.2 – Auckland’s Water Supply 26
2.3 – Havelock North 2016 28
2.4 – Water Treatment Techniques 30
2.5 – Water Treatment Facilities Program Analysis 32
2.6 – Auckland’s Water Disposal 36
2.7 – South Dunedin 2015 38
2.8 – Storm Water Management Models 40
2.9 – Public Perception and Knowledge 44
2.10 – Water Protection and Extraction 46
2.11 – Public Engagement and Education 50
3 - WATER ANALYSIS  53
3.1 – Auckland’s Storm Water Analysis 54
3.2 – Grey Lynn Storm Water Analysis  56
3.3 – Freeman’s Bay and St Mary’s Bay Storm Water Analysis 58
3.4 – CBD Storm Water Analysis 60
3.5 – Water Treatment Facilities Spatial Delineation Analysis 62
3.6 – Water Treatment Facilities Scale Analysis 66
3.7 – Water Treatment Facilities Re-Massing Analysis 68
3.8 – Water Resilient Spaces 70
3.9 – Water Square Bentheplein 74
3.10 – Water as a Spatial Element 76
4 – DESIGN PROCESS  83
4.1 – Design Brief 84
4.2 – Specifi c Zone Analysis - Contours 86
4.3 – Specifi c Zone Analysis - Storm Water System 88
4.4 – Specifi c Zone Analysis - Built Environment 90
4.5 – The Journey 92
4.6 – Site Selection 100
4.7 – Massing Study 102
4.8 – Utilising a Frame 104
4.9 – Initial Sketch Design 108
4.10 – Manipulation of the Frame 112
4.11 – Manipulation of the Grid 114
4.12 – Senses Immersed in Water 116
4.13 – Moulding Light and Varying Intimacy 118
4.14 - Design Development 126
5 - CONCLUSION  139
6 – BIBLIOGRAPHY  143
7 – LIST OF FIGURES  149
8 – APPENDIX  159
7.1 – Final Design Presentation 160
7.2 – Impervious Area Calculations 168
7.3 – Scale Factor Calculations 170
10
“Water is sometimes sharp and sometimes strong, 
sometimes acid and sometimes bitter, sometimes 
sweet and sometimes thick or thin, sometimes it is seen 
bringing hurt or pestilence, sometime health-giving, 
sometimes poisonous. It suffers change into as many 
natures as are the different places through which it 
passes...1 
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1.1 – Background
Clean water is the most important resource to human life. 
Although nearly 70% of the world in covered in water only 
2.5% of that is fresh and of that 2.5% just 1% of the fresh 
water is easily accessible2. The ability to supply cities with 
fresh water has been crucial to the development of large 
urban environments3. Unfortunately, the actions employed 
to maintain supply for urban environments have been 
detrimental to the longevity of this precious resource4. 
There is a misconception in New Zealand that water supply 
is “a given”, which has led to insuffi cient engagement 
from the public with the issues and challenges faced 
by the population5. This attitude is a result of increased 
disconnection between water gathering and everyday life, 
through access to water becoming convenient, and of water 
as a commodity in modern societies6. 
The ability to manipulate our environment in order to establish 
large urban areas and meet the water supply needs has 
removed the appreciation of this resource and rendered it 
as an out of sight out of mind issue7. The current methods 
have enabled satisfactory supply in the past but employ 
unsustainable practices which fail to future proof supply 
demands. Failure of these systems in the foreseeable future 
due to increasing pollution and demand, is the inevitable 
conclusion8.
1 Martin Kemp, Leonardo Da Vinci: The Marvellous Work of Nature and Man, (Ox-
ford: Oxford University Press, 2007), 306.      
On previous page, this taken from Leonardo Da Vinci’s note book ‘Studies of Hydrodynamic 
Turbulence (c 1508-09), Illustrates the paradox of water and the qualities of its physical nature
2  National Geographic, ‘Fresh Water Crisis’, National Geographic, accessed 24 
August 2016, http://environment.nationalgeographic.com/environment/freshwater/freshwa-
ter-crisis/.
3  L.W. Mays, D Koutsoyiannis, and A.N. Angelakis, ‘A Brief History of Urban Water 
Supply in Antiquity’, Water Science and Technology: Water Supply 7, no. 1 (March 2007), 2.
4  Peter H Gleick, Water in Crisis: Paths to Sustainable Water Use, vol. 3, Ecological 
Applications 8, 1998, 574.
5  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’ (Wellington, New Zealand, 2009), 30.
6  Kenneth Hughey, Ross Cullen, and Geoffrey Kerr, ‘A Decade of Public Perceptions 
of the New Zealand Environment: A Focus on Water and Its Management’ (Lincoln University, 
Christchurch, 2011), 3.
7  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 8.
8  Gleick, Water in Crisis: Paths to Sustainable Water Use, 3, 576.
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Half of the world’s population already faces water shortages 
and with increasing stresses endangering clean water 
supplies elsewhere, immediate action is required to remedy 
the dangerous fresh water situation9. These water shortages 
are not confi ned to developing nations but also developed 
urban centres such as California where years of reduced 
rainfall and led to a shortage in supply10. 
The majority of existing urban areas in developed nations 
employ a strategy where potable water is gathered 
independently of the built urban environment, with the 
majority of storm water in cities being discharged as waste11. 
This strategy treats storm water as a nuisance and neglects 
the opportunity to explore the potential for its re-use as 
an asset in urban environments. With a large amount the 
population in developing nations migrating from rural areas 
to urban centres there is a crucial junction where a shift from 
following the mistakes of the established urban model can be 
avoided with pre-emptive action and exploration of alternative 
systems12.
9  ‘Water in a Changing World’, The United Nations World Water Development (Paris: 
UNESCO Pub., 2009).
10  ‘Drought-Hit California Unable to Supply State Water’, BBC News, February 2014, 
http://www.bbc.com/news/world-us-canada-25996522.
11  Jacqueline Hoyer et al., Water Sensitive Urban Design: Principles and Inspiration 
for Sustainable Stormwater Management in the City of the Future (Berlin: Jovis, 2011), 15.
12  ‘Our Common Future, Chapter 9: The Urban Challenge’, Report of the World 
Commission on Environment and Development (NGO Committee on Education), accessed 15 
August 2016, http://www.un-documents.net/ocf-09.htm.
Figure 1.1 (on previous page)
Water droplet
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1.2 – Outline
This project concentrates on an urban storm water treatment 
facility in Auckland. 
The treatment involves removing all pollutants and waste 
from the storm water collected, and then re-distributing that 
water to the surrounding potable water system of the urban 
environment.
The facility also promotes public engagement with the water 
treatment process in order to educate people about the 
issues surrounding the supply of clean water to an urban 
area.
1.3 – Aims / Objectives
The project investigates the potential for a closed loop water 
management system to replace the linear model of treating 
storm water as waste product with one that treats it as an 
asset. This provides a demonstration of the potential of an 
urban water treatment facility that ensures the sustainability 
of urban environments.
An examination of public awareness of and attitudes toward 
water pollution and fresh water supply is undertaken to 
understand how water is viewed. Through public inhabitation 
of a water treatment facility coupled with an educational 
process the public engages with the issues that surround the 
supply of water. 
An investigation of the visceral qualities of water is 
undertaken to understand how water can improve public 
spaces and create a unique identity.
Analysis of the industrial treatment facility is required to 
understand the functional requirements of this type of building 
and to explore the shortcomings and potential. This leads into 
a new model that contributes to the urban environment in a 
positive way. 
15
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1.4 – Research Question
How can architecture celebrate the water treatment process and promote 
public engagement with issues surrounding urban water supply?
1.5 – Scope and Limitations
Secondary research is conduction to determine public 
attitudes towards water. Literature reviews identify trends 
without making additional inferences based on the 
researchers’ conclusions.
This project deals with storm water collection and output 
of clean water. Black water is not being considered in this 
project. 
Research into storm water management focusses on 
literature reviews and physical conditions that can be 
observed in Central Auckland.
Sources of information about water treatment techniques 
are cross referenced to ensure the accuracy of the facts 
presented. This paper does not discuss the inner workings of 
water treatment technologies.
Issues surrounding the containment of polluted water are 
addressed in a manner that acknowledges the importance 
of avoiding contamination. Regulatory constraints are 
not implemented directly into this project in order to allow 
exploration of alternative solutions.
16
1.6 – State of Knowledge
A diverse range of professional and academic institutions 
have conducted research into the issues of water supply 
and water pollution that are faced by modern societies. The 
main areas of investigation that this paper focusses on are 
technical research into water treatment technologies and 
examination of public attitudes towards and understanding 
of the relevant issues. Incorporation of these two fi elds of 
research informs the methodology used to achieve the aims 
and objectives stated above.
Three signifi cant technical sources that look into the issue of 
water management are:
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas 
Kronawitter, and Björn Weber. Water Sensitive Urban Design: 
Principles and Inspiration for Sustainable Stormwater 
Management in the City of the Future. Berlin: Jovis, 2011.
 
Dr Ferguson, Briony, Professor Rebekah Brown, and 
Lara Werbeloff. ‘Benchmarking Auckland’s Stormwater 
Management Practises against the Water Sensitive Cities 
Framework’. Auckland Council technical report. Auckland: 
Cooperative Research Centre for Water Sensitive Cities, 
2014.
 
Vigneswaran, Saravanamuthu, and C Vigneswaran. Water 
Treatment Process: Simple Options. Boca Raton: CRC Press, 
1995.
These literature sources will provide crucial information 
pertaining to the functional criteria of storm water 
management and water treatment processes. Water Sensitive 
Urban Design and Benchmarking Auckland’s Stormwater 
Management Practises against the Water Sensitive Cities 
Framework deal with storm water management and establish 
the historic models and contemporary sustainable solutions, 
while also providing an analysis specifi c to Auckland. 
These sources look at the issue from an urban design 
perspective and scale and offer little engagement with 
specifi c architectural projects. Water Treatment Process gives 
an overview of the technology involved in clean water for 
different pollutants, however there is no discussion relating 
directly to architectural implications.
 
It is critical to look at the existing knowledge and attitudes of 
the New Zealand public to identify potential for engagement 
with the issues of urban water supply and waste. To inform 
this investigation the following two studies conducted in this 
fi eld have been used primarily:
17
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 Ministry for the Environment. ‘On Tap? Attitudes, 
Behaviours, and Perceptions of Household Water Use – 
Informing Demand Management’. Wellington, New Zealand, 
2009.
 Hughey, Kenneth, Ross Cullen, and Geoffrey Kerr. 
‘A Decade of Public Perceptions of the New Zealand 
Environment: A Focus on Water and Its Management’. Lincoln 
University, Christchurch, 2011.
 
These studies draw on primary research carried out in New 
Zealand to identify current views and levels of understanding 
to defi ne barriers to progress and methods to be employed 
toward making progress. On Tap? Attitudes, Behaviours, and 
Perceptions of Household Water Use – Informing Demand 
Management focusses on personal water use within New 
Zealand urban environments, while A Decade of Public 
Perceptions of the New Zealand Environment looks at the 
public perception of New Zealand’s fresh water resources. 
Both studies draw conclusions from their fi ndings relating 
to the attitudes of New Zealanders and offer techniques to 
engaging people with the issues surrounding water as a 
resource. These studies do not relate to architecture as a 
practise but rather on people and their perspectives on the 
issues and informs the architectural response.
Water treatment facilities around the world investigate 
innovative technologies to deal with a vast array of water 
pollutants specifi c to the geographical area. The following 
three examples are signifi cant, as they attempt to incorporate 
public functions and deviate from the traditional industrial 
model:
 Willamette River Water Treatment Plant, Wilsonville, 
Oregon. Designed by Miller Hull Partnership in 2003.
 
 
 Newtown Creek Wastewater Treatment Plant, 
Brooklyn, New York. Designed by Ennead Architects from 
1998 – 2014.
 
 Advanced Water Purifi cation Facility, Oxnard, 
California. Designed by Mainstreet Architects + Planners, Inc. 
in 2013.
 
These case studies establish how scale, spatial techniques, 
public engagement strategies can be expressed through 
architectural solutions to deal with the issues discussed 
above. In contrast to this project, different pollutants and 
different societal attitudes are addressed therefore different 
engagement techniques are employed.
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1.7 – Methodology
The research objectives are achieved by looking at the 
history of settlement in Auckland to establish the issues that 
were encountered and the types of solutions implemented to 
overcome those issues.
An analysis of literature pertaining to water management in 
terms of both storm water and water treatment is undertaken 
in order to understand the way in which these systems work 
and the functional requirements of these technologies. This 
is followed by a critique of these systems to identify issues. 
Potential for exploration of alternative solutions is undertaken. 
The research forms the base analysis and provide a critique 
that informs the design attitudes.
Research establishes the way that people view water and 
also explores the level of understanding of the general public 
about issues surrounding fresh water pollution and supply. 
Case studies are used to demonstrate these attitudes.
Analysis of the physical conditions relevant to a treatment 
facility are identifi ed. The analysis of multiple zones within 
Auckland is used to determine the most appropriate location 
for an intervention as well as identifying specifi c conditions 
that need to be overcome.
An iterative design process is then used to address the 
social, functional and physical constraints identifi ed during 
the research phase. This manifests as a design proposal that 
deals with these issues surrounding the sustainable supply 
of water in an urban environment and establishes a model to 
respond to these issues.
19
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...And as the mirror changes with the colour of its 
subject, so it alters with the nature of the place, 
becoming noisome, laxative, astringent, sulfurous, 
salty, incarnadined, mournful, raging, angry, red, yellow, 
green, black, blue, greasy, fat or slim...13
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2 – THE CONTEXT OF WATER
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2.1 – Natural to Urban
The natural water cycle or hydrologic cycle, deals with 
a constant sequence of evaporation and precipitation, 
with rainwater slowly making its way into a network of 
waterways14. This system is balanced in the sense that 
the deposits that were picked up by ground water acted as 
nutrients for various plant, animal and bacterial life15. Large 
sediments, which can be detrimental to aquatic life, were 
fi ltered through a slow seeping of water through soil before 
it reaches the water table16. Waterways were kept healthy 
by a constant supply of fi ltered water as the water table was 
constantly replenished and would deposit into waterways 
year round17. Additionally, risks of fl ooding were decreased 
as the proportion of permeable surfaces was high allowing for 
large quantities of rainfall to be held within the water table18. 
Before the industrial revolution, urban settlements relied 
of the resources that could be gathered locally in order 
to sustain the population19. This resulted in a balance 
between the needs of the population and the health of the 
local environments to ensure that local water sources were 
kept healthy for consumption by the city20. As technological 
advances were made the reliance on local water sources 
diminished and goods were able to be transported from areas 
further away from the consumers resulting in an extreme 
rate of urbanization21. This led to an increasing disregard for 
local ecology in favour of increasing the range of land uses to 
increase the profi tability of urban areas22. This new model has 
remained relatively unchanged since its inception, although 
efforts have been made to control the discharge of pollutants 
and reduce the pollution in waterways from levels reached 
during the industrial revolution23.
13 Martin Kemp, Leonardo Da Vinci: The Marvellous Work of Nature and Man, (Ox-
ford: Oxford University Press, 2007), 306. 
14  ‘Natural Water Cycle’, Melbourne Water, accessed 1 March 2016, http://www.
melbournewater.com.au/getinvolved/education/pages/natural-water-cycle.aspx.
15  Haas-Arndt, Water Cycles (Basel: Birkhäuser, 2009), 11.
16  Ibid.
17  Ibid.
18  Ibid.
19  Gideon Sjoberg, The Preindustrial City, Past and Present (Glencoe, IL: Free Press, 
1960), 190.
20  Lester R. Brown, Plan B 4.0: Mobilizing to Save Civilization (New York: W.W. 
Norton, 2009), 145.
21  History.com Staff, ‘Water and Air Pollution’, History.com, 2009, http://www.history.
com/topics/water-and-air-pollution.
22  Lewis Hackett, ‘Industrial Revolution’, History-World, 1992, http://history-world.org/
Industrial%20Intro.htm.
23  History.com Staff, ‘Water and Air Pollution’.
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Figure 2.3
Ligar’s Canal on Auckland’s 
Queen St
Figure 2.2
Contrast of Natural vs Urban
Figure 2.1 (on previous page)
The world under our feet
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European settlers chose Auckland as the site of a city 
development due to its accessible harbours, which allowed 
the early settlers acquire the goods transported by sea24. 
When these settlers arrived the local population inhabited 
the Auckland isthmus and relied heavily of the network of 
waterways for food, irrigation, drinking water and sanitation25. 
Early settlers inhabited the banks of the Waihorotiu Stream 
which ran from the location of Meyers Park down Queen 
Street26. 
As the population grew, the Waihorotiu Stream became 
increasingly polluted with the discharge of raw sewerage 
and the clearing of vegetation leading to sediment entering 
the waterway, which compromised the health of the water 
source27. An early attempt to solve this problem was the 
design and construction of Ligar’s Canal (refer to fi gure 2.3), 
walls constructed around the existing stream to aimed at 
ensuring that water fl owing from the streets did not enter the 
fresh water supply28. However, this Canal quickly became 
little more than an open sewer and fresh water was sourced 
from elsewhere29. Subsequently the Canal was ‘bricked over’, 
burying the stream, where it remains to this day running 
beneath Queen Street as a major storm water line30.
Early settlers used the harbour as a port, with all the main 
industry at the time located around the wharfs of the original 
wharfs which are located on Fore Street, what is today Fort 
Street31 (refer to fi gure 2.4). These activities deposited large 
amounts of refuse in the Harbour, which in turn was turned 
into reclaimed land to expand the area form commercial 
activities32.
24  A. H. McLintock, ‘Founding of Auckland’, An Encyclopaedia of New Zealand (Te 
Ara, 22 April 2009), http://www.teara.govt.nz/en/1966/auckland-province-and-provincial-dis-
tricts/page-3.
25  Ibid.
26  R. F. Jefferson, ‘Ligar’s Canal, Auckland’, National Library of New Zealand Te Puna 
Mātauranga O Aotearoa, 1 April 1996, http://natlib.govt.nz/records/30793043?search%5B-
path%5D=items&search%5Btext%5D=Ligar%27s+Canal%2C+Auckland.
27  Christine Dann, ‘Story: Sewerage, Water and Waste: Dirty and Disease’, Te Ara 
- The Encyclopaedia of New Zealand, 13 April 2016, http://www.teara.govt.nz/en/sewage-water-
and-waste/page-2.
28  Jefferson, ‘Ligar’s Canal, Auckland’.
29  E Vaile, ‘Early Auckland: City and Provinces’, Victoria University of Wellington, 
accessed 10 May 2016, http://nzetc.victoria.ac.nz/tm/scholarly/VaiSome-fi g-VaiSomeP001a.
html.
30  Louis Olsen et al., Waihorotiu (Trilogy, 2015), http://www.waihorotiu.co.nz/.
31  Aucklandnz, ‘The Story of Auckland’, Auckland, 2014, http://www.aucklandnz.com/
discover/the-story-of-auckland.
32  Campbell Nerida and Lisa Truttman, Auckalnd City Heritage Walks (Auckland: 
Auckland City, n.d.), http://www.aucklandcouncil.govt.nz/EN/newseventsculture/heritage/Docu-
ments/aucklandcityheritagewalksshore.pdf.
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Figure 2.4
Auckland’s shoreline in 1841
Figure 2.5
Auckland’s shoreline 2016
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2.2 – Auckland’s Water Supply
As inner city water sources became increasingly polluted 
Auckland looked for new sources of fresh water33. From 1877 
the fresh water supply for the city was piped from Western 
Springs. By the early 1900’s the Auckland Council realised 
that a long term strategy was need and began building dams 
in the Waitakere and Hunua Ranges34. These remain the 
two water sources for Auckland to this day although, with 
population estimated to increase by 800,000 people in the 
next 35 years, options are being explored to increase water 
supply35. The options include new dams in Riverhead and 
Mangatawhiri, a desalination plant, and a second pipeline 
from the Waikato River36 (refer to fi gure 2.6).
These three options have been investigated for feasibility and 
it has been concluded that:
 the additional Riverhead dams have been identifi ed by  
 Watercare as insuffi cient to meet the increasing   
 demands;
 the desalination plant would be economically unviable;
 the proposed second pipeline from the Waikato 
 River would meet demand and have no signifi cant  
 environmental impacts37.
The state of water in rural New Zealand Rivers has 
come under scrutiny for being extremely polluted due to 
intensifi cation of agricultural activities38. Increasing pollution 
necessitates that any solution that supplies water for 
Auckland needs to include a water treatment component39. 
Water treatment of Auckland’s water supply occurs at 15 
water treatment plants around the Auckland region, which 
employ different methods to deal with the characteristics of 
the particular water source40.
33  Dann, ‘Story: Sewerage, Water and Waste: Dirty and Disease’.
34  Ibid.
35  Watercare, ‘Auckland’s Future Drinking Water Supply - Proposed Increase in 
Waikato River Take’ (Auckland Council, December 2014), https://www.watercare.co.nz/SiteCol-
lectionDocuments/AllPDFs/Waikato-River-Fact-Sheet.pdf.
36  Ibid.
37  Ibid.
38  Russell Death, Fresh Water Results Worst Ecology Professor Has Seen, 21 August 
2016, https://www.youtube.com/watch?v=1NkMwVoP5wc.
39  Ibid.
40  Watercare, ‘Water Treatment : Cleaner, Safer Water Through World-Class 
Treatment Facilities’ (Auckland Council, 2010), https://www.watercare.co.nz/about-watercare/
our-services/water-treatment/Pages/default.aspx.
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Figure 2.6
Auckland’s water supply 
system
Figure 2.7
Intake valve Cosseys Creek 
Dam
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2.3 – Havelock North 2016
In August of 2016, Havelock North in the Hawke’s Bay 
experienced the worst waterborne disease crisis in the history 
of New Zealand41. Bacteria somehow entered the towns fresh 
water supply and, due to the lack of screening of potable 
water and substandard protection of reserves, this was 
not detected until residents began to display symptoms of 
ingesting campylobacter bacteria42. Auckland is safe guarded 
from a similar crisis as potable water is treated with a variety 
of methods related to the type of pollutants present in the 
water source43.
In the wake of this incident there has been speculation as to 
how the water became polluted with a handful of opposing 
views44. Intensifi cation of live-stock based farming has been 
blamed by many45, the discharging of inadequately treated 
sewerage into rivers that feed into the water supply46, and 
the view that over time the water courses have become 
increasingly unhealthy to the point that they are unable to 
support the required ecosystems to self-clean47 (refer to 
fi gure 2.8). 
Experts are not surprised by this and claim that the state of 
rivers nationally are far below countries that New Zealand is 
often compared to, such as the United Kingdom, Australia 
and Canada, and also that the pollution of water supplies was 
an inevitability rather than a possibility48.
Clean water is recognized by New Zealanders as the most 
important piece of infrastructure49. Many people do not realize 
the challenges facing the supply of clean water with the 
efforts made by local authorities often remaining out of the 
public discourse50. Crises such as the Havelock North water 
contamination highlight the impact these problems can have 
and the importance of systems that are so often taken for 
granted in an age where clean water is avaliable at the turn of 
a tap.
41  Kate Newton, ‘Timeline: Havelock North’s Water Contamination Crisis’, Ra-
dio New Zealand, 19 August 2016, http://www.radionz.co.nz/news/national/311404/time-
line-nz’s-worst-waterborne-outbreak.
42  Marty Sharpe, ‘Council Rejects Claim Havelock North Water Contamination Linked 
to Tukituki River’, Stuff, 22 August 2016, http://www.stuff.co.nz/national/health/83406958/Have-
lock-North-primary-schools-and-early-childhood-centres-to-reopen.
43  Watercare, ‘Water Treatment : Cleaner, Safer Water Through World-Class Treat-
ment Facilities’.
44  Kirsty Johnston, ‘Something in the Water - How the Havelock Gastro Outbreak 
Beguan’, Hawke’s Bay Today, 20 August 2016, http://www.nzherald.co.nz/hawkes-bay-today/
news/article.cfm?c_id=1503462&objectid=11697426.
45  Richard Chester, ‘The Impact of Human Activities on Water Resources’, Sea Keep-
ers, accessed 8 May 2016, http://www.seakeepers-nz.com/RIVERS/riverpol.html.
46  Fenton Wilson, Hawke’s Bay Regional Council Chairman on Water Contamination, 
21 August 2016.
47  Death, Fresh Water Results Worst Ecology Professor Has Seen.
48  Death, Fresh Water Results Worst Ecology Professor Has Seen.
49  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 11.
50  Ibid.
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Figure 2.8
Pollution in the Tukituki River
Figure 2.9
Public meeting regarding 
Havelock North water
30
2.4 – Water Treatment Techniques
Filtration is the oldest technique of water cleaning and 
although there has been no change in the principles, over 
time technological advances gave made the process more 
effective51. In modern times fi ltration is still used as part of 
the water cleaning process and can even trap bacteria and 
viruses52. 
Chemical disinfection is always essential in water treatment 
for human consumption to stop the spread of water borne 
diseases however, the disinfection process can also harm 
bacteria that are essential for aquatic life53. Chlorine has been 
the most common disinfectant of water supplies for years but 
dangerous after-effects have led to exploration of alternatives 
solution54. 
Ozonation involves the introduction of an unstable gas to the 
raw storm water55. This gas oxidises metals, kills bacteria 
and bonds with organic matter through coagulation to make 
for simple removal of these impurities from water56. After 
this process fi ltration is needed to remove any suspended 
particles although it is much more simple post ozonation57.
Ultra Violet disinfection of water is a chemical free form of 
treatment that is effective against highly resistant bacteria 
and viruses. This process requires the water to have been 
fi ltered of suspended solids to ensure that there is nothing in 
the water that could inhibit the radiation58.
Wetlands are increasingly being used in water treatment 
process as a way of fi ltering the sediment out of urban water 
as well as taking advantage of certain nutrients that are 
present to establish aquatic life59. Wetlands include not only 
plant life but various algae and often fi sh populations that 
can mitigate the scale of water treatment areas with scenic 
qualities60.
51  Saravanamuthu Vigneswaran and C Vigneswaran, Water Treatment Process: 
Simple Options (Boca Raton: CRC Press, 1995), 28.
52  Ibid., 111.
53  Ibid.
54  Ibid., 177.
55  Water Research Centre, ‘Ozonation in Water Treatment’, 2014, http://www.wa-
ter-research.net/index.php/ozonation.
56  Ibid.
57  Ibid.
58  C Meulemans, ‘The Basic Principles of UV-Disinfection of Water’, Ozone: Science 
& Engineering 9, no. 4 (1987), 130..
59  H Hoffmann et al., Technology Review of Constructed Wetlands: Subsurface Flow 
Constructed Wetlands for Greywater and Domestic Wastewater Treatment (Eschborn, Germa-
ny: Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, 2011), 14.
60  Ibid., 8.
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Figure 2.11
Chemical treatment 
symbol
Figure 2.13
Ultraviolet symbol
Figure 2.12
Ozonation symbol
Figure 2.10
Filtration symbol
Figure 2.14
Wetland symbol
Figure 2.15
Symbols of other common 
functions in water management 
facilities include water storage, 
pumping, control rooms, 
electrical rooms, administration
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2.5 – Water Treatment Facilities Program Analysis
The Willamette River Water Treatment Facility, the Newtown 
Wastewater Treatment Facility and the California Advanced 
Water Treatment Facility provide case studies that are 
analysed to establish the programmatic layout (refer to 
fi gures 2.10 - 2.15 for program defi nitions). Although these 
three different facilities vary in the type of water being treated, 
treatment techniques, and scale, they employ a similar 
attitude to treating water in a linear fashion with other more 
public programmatic spaces arranged adjacent (refer to 
fi gures 2.16, 2.17, 2.18, 2.19). The attitude in these models is 
that dirty water comes into one end of the facility and moves 
through various stages before it is sent out the other end, with 
little consideration given to the potential of this water.
These facilities generally sprawl across large sites where the 
water passes through various treatment methods required 
for the contaminants present  (refer to fi gures 2.17, 2.18, 
2.19). Rather than incorporating the educational and water 
treatment spaces, these facilities insulate the public from their 
treatment components.
Figure 2.16
Linear water treatment process 
with public space adjacent
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Figure 2.17
Program and treatment 
technique identifi cation, 
Willamette River Water 
Treatment Plant, 
Wilsonville, Oregon
Figure 2.18
Program and treatment 
technique identifi cation, 
Newtown Creek Wastewater 
Treatment Plant, 
Brooklyn, New York
Figure 2.19
Program and treatment 
technique identifi cation, 
Advanced Water 
Purifi cation Facility, 
Oxnard, California
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Willamette River Water Treatment Plant emulates the form of 
a natural river cascading through a series of pools in a public 
park (refer to fi gure 2.20). A linear concrete ‘garden wall’ 
separates the industrial functions of the facility from the public 
realm with small penetrations giving controlled engagement 
with the water treatment process61.
A strong natural water treatment language is used however, 
most of the treatment is done behind the ‘garden wall’. This 
clear delineation between functioning facility and public space 
reduces the chance for education and focuses on creating a 
public park with the water treatment serving as a back drop 
rather than exploring true integration of these functions.
Newtown Creek Wastewater Treatment Plant celebrates the 
industrial feel of the building with grand scale gestures and 
public occupation of industrial space62 (refer to fi gures 2.22, 
2.23). This facility does not shy away from the industrial 
nature of the building but the nature of the water being 
treated creates obvious issues with integration of public into 
all parts of the facility.
The Advanced Water Purifi cation Facility surrounds the public 
parts of the complex with water, keeping the public within 
the frame of the function of the building. The water treatment 
aspects of the design are located on the other side of a canal 
and are not engaged with by visitors63 (refer to fi gure 2.24).
These areas are explained through images and presentations 
in the public building but this does little to engage people in 
the treatment process as the degree to which the public can 
inhabit functional spaces is extremely limited.
61  Chris Sensenig, ‘Willamette River Water Treatment Plant - Wilsonville, Oregon 
[EDRA / Places Awards, 2004 -- Design]’, Places 16(3) (2004), http://eprints.cdlib.org/uc/
item/8013f6z7.
62  ‘Visitor Centre at Newtown Creek’, The City of New York, 2016, http://www.nyc.gov/
html/dep/html/environmental_education/newtown_visitors_center.shtml.
63  Archdaily, ‘Advanced Water Purifi cation Facility / Mainstreet Architects + Planners, 
Inc.’, 26 November 2013, http://www.archdaily.com/451678/advanced-water-purifi cation-facili-
ty-mainstreet-architects-planners-inc.
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Figure 2.20
Wetland emulating nature, 
Willamette River Water 
Treatment Plant, 
Wilsonville, Oregon
Figure 2.22
Public viewing platform 
above digesters, 
Newtown Creek Wastewater 
Treatment Plant, 
Brooklyn, New York
Figure 2.24
Separation of Public and 
Industrial, 
Advanced Water 
Purifi cation Facility, 
Oxnard, California
Figure 2.21
Pumping room, 
Willamette River Water 
Treatment Plant, 
Wilsonville, Oregon
Figure 2.23
Wide view of facility, 
Newtown Creek Wastewater 
Treatment Plant, 
Brooklyn, New York
Figure 2.25
Filtration room 
Advanced Water 
Purifi cation Facility, 
Oxnard, California
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2.6 – Auckland’s Water Disposal
Auckland has an average annual rainfall of 1137mm per year 
spread across 136 rain-days64. Urbanization has reduced 
the amount of permeable surfaces in the Auckland area, 
and storm water fl ood prevention has become the key driver 
behind the development of the drainage network65.
The entire isthmus is divided into catchment zones that follow 
natural ridge lines and valleys in the city66 (refer to fi gure 
2.26). Within these zones all storm water is funnelled using 
gravity from smaller to larger underground pipes, which in 
turn discharge the untreated storm water into the harbours67.
Storm water from urban areas contains various pollutants 
that are specifi c to the area68. Generally, these pollutants are 
gasoline, motor oil, heavy metals, rubbish, fertilizers, and 
pesticides69.
64  P.R Chappell, ‘The Climate and Weather of Auckland’, NIWA Science and Tech-
nology Series (Auckland: NIWA), accessed 30 April 2016, https://www.niwa.co.nz/static/Auck-
land%20ClimateWEB.pdf.
65  Haas-Arndt, Water Cycles, 11.
66  Parviz Namjou et al., ‘The Integrated Catchment Study of Auckland City (New 
Zealand): Long Term Groundwater Behaviour and Assessment’, n.d., http://www.pdp.co.nz/
documents/2006namjouetal1.pdf.
67  Ibid.
68  Prepared by Auckland Council, ‘Auckland Unitary Plan Stormwater Management 
Provisions: Technical Basis of Contaminant and Volume Management Requirements’ (Auck-
land: Auckland Council, 2013).
69 ‘Protecting Water Quality from Urban Runoff’, February 2003, https://nepis.epa.gov/
Figure 2.26
Auckland’s storm water 
catchments
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Figure 2.27
Burried infrastructure in the city
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2.7 – South Dunedin 2015
In June 2015 South Dunedin experienced a record period 
of rainfall event that caused severe fl ooding throughout a 
large district of the city70. The city received 142mm of rainfall 
in 12 hours. Compounded with a storm water system that 
was not functioning correctly due to blockages and pumping 
malfunctions, and with high tides that prohibited the water 
coming out of the city from draining into the ocean71. An 
estimated $138 million of damages were caused in a twenty-
four-hour period72.
During the night of the 3rd of June 2015 an estimated one 
thousand residents were evacuated from their homes in 
South Dunedin73. Evacuation came as a last resort after 
emergency services spent hours trying to divert the fl ood 
water with sandbags and pumps with no success74. Whole 
suburbs of the city were cut off, fl ood waters reached  
waist-height in places (refer to fi gure 2.28), water moved like 
white water rapids down streets, and some parts of the city 
became contaminated with sewerage75. 
70  Rebecca Macfi e, ‘South Dunedin’s Flood Fiasco’, New Zealand Listener, 21 June 
2016.
71  Ibid.
72  Ibid.
73  Ibid.
74  Ibid.
75  Hamish McNeilly and Michael Daly, ‘Flooding Wreak Havoc in Dunedin’, Stuff, 4 
June 2015, http://www.stuff.co.nz/national/69063192/fl ooding-in-south-dunedin-threatens-rest-
home.
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Figure 2.28
Aerial view of Castle St during 
South Dunedin fl ooding
Figure 2.29
Leith River in fl ood
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2.8 – Storm Water Management Models
Storm water management has remained essentially 
unchanged since humans started living in dense settlements 
with the underlying attitude towards water seeing it as a 
nuisance to be drained away76. This attitude has resulted in 
a linear model that disposes of all water entering the system 
as waste rather than exploring the potential to integrate and 
recycle rain water in cities77 (refer to fi gure 2.30).
The Water Supply City being the formative water 
management system, is a system that supplies water for 
resident’s sustenance and shelter as well as protective 
purposes such as sanitation and fi refi ghting78. This model 
is the oldest and was able to be employed by Rome, where 
aqueducts and fountains were constructed throughout the 
city79. This model responded to the need for large populations 
to be supplied with large amounts of water needed for daily 
life. This model did not employ any strategies to deal with the 
waste water and so waste was often emptied into the streets 
to be washed away by rain80.
The Sewered City has the Water Supply City embedded in 
its functions and goes a step further by employing sanitation 
services to deal with waste water and protect public health81. 
This model addresses the problem of water pollution but 
does not do so in a sustainable way. The sewers lead into 
the closest water ways polluting them directly, resulting in 
pollution of the water supply82. This model also suffers heavily 
in times of fl ooding as the sewers and supply water mix 
leading to polluted supply water83.
76  Hoyer et al., Water Sensitive Urban Design: Principles and Inspiration for Sustain-
able Stormwater Management in the City of the Future, 15.
77  This misses the opportunity to explore potential of water as discussed in 1.1 Back-
ground
78  Briony Dr Ferguson, Professor Rebekah Brown, and Lara Werbeloff, ‘Bench-
marking Auckland’s Stormwater Management Practises against the Water Sensitive Cities 
Framework’, Auckland Council technical report (Auckland: Cooperative Research Centre for 
Water Sensitive Cities, 2014)., 11.
79  Ibid.
80  Ibid.
81  Ibid.
82  Ibid.
83  Ibid., this can be seen in the case of South Dunedin
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Figure 2.30
State of Queen St storm water
42
The Drained City model seeks to address issues that exist 
in the sewered city by protecting people and property from 
fl ooding84. This model’s attention to fl oodwater also aims 
to drain areas of swamplands around cities freeing up 
more areas for development. The destruction of natural 
environments by disrupting the natural water cycle through 
the funnelling of large quantities of water containing 
sediments and pollutants into waterways is a major drawback 
of this model. The destruction of environments such as 
mangroves that provided habitats for large portions of wildlife 
and catchments for sediment has removed a key component 
of the natural water cleaning process85.
The Waterways approach seeks to improve the ecological 
health of damaged waterways that has been caused by 
the previous models86. Recycling of Grey and waste water 
where appropriate is included, and an understanding of 
the pollutants present in the waterways is essential to the 
model87. This model seeks to enhance the urban environment 
through better water management, and seeks to integrate 
water into pleasant urban settlements that are responsive to 
the needs of the city88.
The Water Cycle model diversifi es the supply of water to 
incorporate more storm water usage rather than wasting large 
quantities of water89. Grey water recycling is encouraged 
as is a move toward decentralised solutions to mitigate the 
stresses placed on traditional unifi ed systems, which are 
often unable to cope with variations in rainfall and necessary 
extraction volumes90.
The most recent model proposed to deal with water in cities is 
the Water Sensitive City91. This is a holistic approach to water 
management infrastructure and its relationship with the local 
water context92. This approach incorporates water recycling, 
storm water management and integration of urban design 
to produce an environmentally sustainable, climate change 
resilient and robust seasonal variation system that promotes 
a liveable urban setting where water becomes an asset to the 
city93.
84  Rebekah Brown, Nina Keath, and Tony Wong, ‘Transitioning to Water Sensitive 
Cities: Historical, Current and Future Transition States’ (11th International Conference on Urban 
Drainage, Edinburgh, Scotland, UK, 2008), 6.
85  Dr Ferguson, Brown, and Werbeloff, ‘Benchmarking Auckland’s Stormwater Man-
agement Practises against the Water Sensitive Cities Framework’, viii.
86  Hoyer et al., Water Sensitive Urban Design: Principles and Inspiration for Sustain-
able Stormwater Management in the City of the Future,11.
87  Ibid.
88  Dr Ferguson, Brown, and Werbeloff, ‘Benchmarking Auckland’s Stormwater Man-
agement Practises against the Water Sensitive Cities Framework’, 6.
89  Hoyer et al., Water Sensitive Urban Design: Principles and Inspiration for Sustain-
able Stormwater Management in the City of the Future. 11.
90  Dr Ferguson, Brown, and Werbeloff, ‘Benchmarking Auckland’s Stormwater Man-
agement Practises against the Water Sensitive Cities Framework’, viii.
91  Ibid.
92  Ibid.
93  Ibid.
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Figure 2.31
Flooding on Tamiki Drive
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2.9 – Public Perception and Knowledge
New Zealanders place a strong emphasis on looking after 
our natural heritage, with caring for the environment placing 
as the fourth most important issue facing New Zealand94. 
However, when it comes to water management, supply and 
protection most people do not have suffi cient understanding 
of the problems that need to be overcome95. This leads to a 
hesitance to engage with the issue, changing only when a 
crisis point is reached. Although a strong responsive action 
typically ensues, as can be seen with the crisis’s in Havelock 
North and South Dunedin96, a more involved engagement 
would prevent these crises from occurring97. 
People understand that water is a fi nite resource but there 
is a lack of concern stemming from a disconnect between 
usage of water and the processes involved in supply of that 
water98. People have begun to regard water as a commodity 
with the only obstacle to its consumption being the associated 
fi nancial costs. If water’s fi nite nature is ignored or neglected 
and sustainable methods of water use and harvesting are not 
employed, societies run the risk of no longer being able to 
meet the demands on the resource99. 
New Zealand is fortunate in that the water supply is under 
much less danger than nations like Australia and the United 
States100 (refer to fi gure 2.32). Population increases in mainly 
urban areas will put additional stress on current supply, 
therefore either demand must be reduced through more 
sustainable consumption or supply must be increased101.
94  Hughey, Cullen, and Kerr, ‘A Decade of Public Perceptions of the New Zealand 
Environment: A Focus on Water and Its Management’, 2.
95  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 9.
96  Macfi e, ‘South Dunedin’s Flood Fiasco’.
97  Rt Hon David Blunkett, ‘Towards a Civil Society’, 2003, http://www.ippr.org/fi les/
images/media/fi les/publication/2011/05/templblunkett_1289.pdf?noredirect=1.
98  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 11.
99  Gleick, Water in Crisis: Paths to Sustainable Water Use, 576.
100  ‘Water in a Changing World’.
101  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 32.
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Figure 2.32
Water shortages world wide
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2.10 – Water Protection and Extraction
An interesting paradigm exists where potable water is 
considered the most important utility in New Zealand but 
the fresh water lakes, rivers and streams are viewed in an 
increasingly negative manner102. It is unclear how attitudes 
interact with pollution of waterways, but the fact remains that 
New Zealand’s fresh water sources are fast becoming one of 
the most polluted networks in the developed world103 (refer to 
fi gure 2.34).
In spite of this in New Zealand legislation there is no single 
act responsible for the protection or utilisation of fresh 
water104. Instead activities that relate to fresh water are dealt 
with in The Resource Management Act, The Building Act, The 
Health Act, and The Local Government Act105. These pieces 
of legislation have various interpretations and are rife with 
contradiction106. This creates an atmosphere where there 
is no single authority that has the legal powers needed to 
balance the protection of the water supply with the interests 
of commercial and political entities107.
102  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 6.
103  Death, Fresh Water Results Worst Ecology Professor Has Seen.
104 Maggie PhD Lawton and Damon Birchfi eld, ‘Making New Zealand Policy, Water 
Conservation Friendly’, January 2008, http://www.nzresearch.org.nz/records/
105  Ibid.
106  Ibid.
107  Ministry for the Environment, ‘Roles and Responsibilities for Fresh Water’, Febru-
ary 2016, http://www.mfe.govt.nz/fresh-water/overview-fresh-water/roles-and-responsibilities.
Figure 2.33
Queen Street storm 
water drain
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Figure 2.34
Contaminated storm water 
discharging into McDonald 
Stream
48
There are some examples where countries have 
neglected their fresh water assets, resulting in such high 
levels of pollution and such unhealthy river ecosystems 
that water gathering from previously viable areas is no 
longer possible108. Even in countries where relatively 
strong protection exists around water pollution increasing 
populations, global warming and over extraction have 
produced the situation where more than half of the 
world population already lives in areas struggling with 
water shortages109. This number is expected to increase 
dramatically within the next 30 years110.
There is growing demand for New Zealand bottled water 
overseas. Over 146 million litres of water is extracted 
annually by a single operator, with $1500 paid since 1992 
to cover only the resource consent costs incurred from the 
local council111. With global water shortages increasing there 
is little doubt that countries with an apparent abundance 
of water such as New Zealand will be affected through 
agreements to supply water to countries in need112. In 
order to safe-guard against crisis there needs to be pre-
emptive action to put in place a robust and sustainable water 
management system113.
108  Paul Alois, ‘Global Water Crisis Overview’, April 2007, http://www.arlingtoninstitute.
org/wbp/global-water-crisis/441.
109  ‘Water in a Changing World’.
110  National Geographic, ‘Fresh Water Crisis’.
111  Radio New Zealand, Green Party Protests Oravida Water Exports, 20 April 2016, 
http://www.radionz.co.nz/news/national/301943/’we’re-giving-away-that-water-for-nothing’.
112  Anup Shah, ‘Water and Development’, Global Issues, June 2010, http://www.
globalissues.org/article/601/water-and-development.
113  Gleick, Water in Crisis: Paths to Sustainable Water Use.
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Figure 2.35
Removing rubbish from 
Henderson Creek
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2.11 – Public Engagement and Education
Education and public engagement have been identifi ed as 
the most effective avenues for addressing issues around 
water management114. Raising public awareness motivates 
individuals to interact with water in a more sustainable 
manner. This establishes a sense of ownership, and is more 
successful at fostering active citizenship and responsibility115. 
Other strategies include improving technology, providing 
fi nancial incentives, and implementing legislative controls 
however, there are practical constraints that limit the 
application of these techniques116. Synergies of education 
and these three strategies are the most appropriate way to 
address the issues surrounding water management117.
Initiating public discussion of water management issues is 
a crucial step towards creating the political will required to 
improve water management models118. The fi rst step toward 
generating public involvement is to convince people that 
they can contribute to the solution although a major barrier 
to this is reluctance to engage due to a lack of knowledge 119. 
Educating people to a level that they understand the issues 
suffi ciently is critical to overcoming this obstacle120.
Education and political will must be complemented by public 
policies and initiatives at all levels121. Education does not 
need to be limited to formal studies and can also be served 
by interventions that engage the public and provide education 
during daily activities (refer to fi gure 2.36). 
114  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 32.
115  Rt Hon David Blunkett, ‘Towards a Civil Society’.
116  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 31.
117  Ibid.
118  Catherine Leining and Scott White, ‘From Fact to Act: New Zealanders’ Beliefs and 
Actions on Climate Change’ (Motu Economic and Public Policy Research, May 2015), 13.
119  Ministry for the Environment, ‘On Tap? Attitudes, Behaviours, and Perceptions of 
Household Water Use – Informing Demand Management’, 11.
120  Ibid.
121  United Nations Educational, Scientifi c and Cultural Organisation Educating for a 
Sustainable Future, ‘A Transdisciplinary Vision for Concerted Action’, UNESCO, November 
2007, http://www.unesco.org/education/tlsf/mods/theme_a/popups/mod01t05s01.html#edu-re.
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Figure 2.36
Collage of public engagement 
with water
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...Sometimes it starts a confl agration, sometimes it 
extinguishes one; is warm and is cold, carries away 
or sets down, hollows out or builds up, tears or 
establishes, fi lls or empties, raises itself or burrows 
down, speeds or is still...122
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3.1 – Auckland’s Storm Water Analysis
Auckland currently uses the Drained City approach123, 
although the Auckland Council has expressed interest in 
moving toward and Waterways City model in the future124. 
For this project, three catchment zones have been selected 
for analysis: The Grey Lynn catchment, Freeman’s Bay and 
St Mary’s Bay catchment, and the CBD catchment (refer to 
fi gure 3.2). These zones were chosen as they offer differing 
conditions with regard to impermeable surfaces, land use, 
social activity and public engagement potential. 
To understand the levels of water that need to be dealt with 
in these catchment zones an analysis of Auckland’s rain 
patterns was undertaken125 (refer to fi gure 3.3). Each radial 
member corresponds to a single rain day and the volume of 
rain of that day with the colours indicating a month in the year 
starting with January at the top and moving clockwise. The 
larger wedges group the rain days into seasons with their 
radius indicating the cumulative amount of rain during that 
season. The dark red circle indicates the average amount of 
water that would need to be dispersed to avoid fl ooding (refer 
to fi gure 3.3).
Although Winter is associated with rain and is the period that 
has the highest total volume of rainfall, this rain falls with a 
lesser intensity than in the Summer months. The periodic 
excesses produced during Summer could be utilized for 
recreational activities during the warmer months126.
122 Martin Kemp, Leonardo Da Vinci: The Marvellous Work of Nature and Man, (Ox-
ford: Oxford University Press, 2007), 306. 
123  This model was discussed in section 2.8 - Storm Water Management Models
124  Dr Ferguson, Brown, and Werbeloff, ‘Benchmarking Auckland’s Stormwater Man-
agement Practises against the Water Sensitive Cities Framework’, 20.
125  Rainfall information used was discussed in section 2.6 – Auckland’s   
Water Disposal 
126  The exposure of this excess of rainwater and interaction with it could help to 
engage the public as discussed in section 2.11 – Public engagement and education.
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Figure 3.2
The storm water catchment 
zones in central Auckland
Figure 3.3
Auckland’s rainfall diagram
Figure 3.1 (on previous page)
Inside a storm water drain
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3.2 – Grey Lynn Storm Water Analysis 
The Grey Lynn catchment is an area dominated by single 
story residential development. This area incorporates many 
large green spaces as well as an average building coverage 
of 35% and a maximum impervious area of 60%127. With the 
buildings overlaid on the map and green spaces indicated 
the density of this zone become clear. Large amounts of 
the water that falls in this area soaks into the ground and is 
slowly dispersed through natural fi ltration into streams and 
out to sea128. The remainder is funnelled through the storm 
water system and discharged at Cox’s Bay as indicated by 
the red dots (refer to fi gure 3.4).
Being a suburban environment, any intervention here would 
reach a limited audience. The potential of this area to engage 
with the general public is therefore limited.
The rainfall diagram has been manipulated to show how this 
specifi c area deals with storm water. The size of the diagram 
has been scaled to indicate the overall area of the catchment. 
The central area indicated in a light brown shows the 
permeable surfaces in the catchment zone and deducts those 
from the overall rainfall as these do not make their way into 
the storm water system (refer to fi gure 3.5 and to appendix 2 
for impervious calculations).
As can be clearly seen, a large portion of this catchment is 
impermeable and therefore a centralized solution would have 
less effect on storm water as much of the water does not 
reach this intervention129.
This catchment area is better suited to a solution that deals 
with water where the rain lands. A decentralised model of 
this type would necessitate all of the residents of the area to 
participate in the solutions’s implementation.
127  Auckland City Council, ‘Auckland District Plan’ (Auckland City Council, 1999).
128  Wai Care, ‘Auckland’s Catchments’ (Auckland, 2003), 6.
129  The path of water either to a storm water system or the water table is discussed in 
section 2.1 Natural to Urban
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Figure 3.4
The Grey Lynn storm water 
catchment zone
Figure 3.5
Grey Lynn’s rainfall diagram
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3.3 – Freeman’s Bay and St Mary’s Bay Storm Water Analysis
The Freeman’s Bay and St Mary’s Bay catchment 
incorporates both single story residential development and 
medium density urban land use areas130. There are numerous 
green spaces, an average building coverage of around 50%, 
and impervious surfaces of around 70% when taking into 
consideration the two main land uses (refer to fi gure 3.6 and 
to appendix 2 for impervious calculations).
In this this catchment more than half of the rain water makes 
its way into the storm water system and is discharged at 
various points along the waterfront Refer to diagram. There 
is signifi cant development in the Wynyard quarter district of 
this catchment that is experimenting and implementing more 
sustainable methods of storm water harvesting as well as the 
incorporation of small scale wetlands131.
The potential for public engagement here is large as this 
catchment contains various signifi cant public spaces such 
as the Viaduct Harbour, Silo Park, Victoria Park and the 
Wynyard Quarter district.
This zone contains fewer permeable surfaces than the Grey 
Lynn catchment so any intervention in this area would have a 
greater success at treating a majority of the water since less 
is absorbed into the water table132 (refer to fi gure 3.7).
This is an area of the city where the future of density and 
sustainable urban practices are already being tested 
therefore an intervention is this zone could have great impact
130  Auckland City Council, ‘Auckland District Plan’.
131  Suman Khareedi, Nick Hohaia, and Sue Evans, ‘Wynyard Quarter Development - 
Providing Stormwater Solutions in a Highly Constrained, Iconic, Urban Environment’, in Water, 
Challenges and Opportunities (Water New Zealand Conference 2012, Rotorua, 2012), 7.
132  The path of water either to a storm water system or the water table is discussed in 
section 2.1 Natural to Urban
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Figure 3.6
The Freemans Bay and St 
Mary’s Bay storm water 
catchment zone
Figure 3.7
Freemans Bay and St Mary’s 
Bay rainfall diagram
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3.4 – CBD Storm Water Analysis
The CBD catchment is dominated by high density urban 
development133.  There is an impervious coverage on 
private sites of 100% with some public green spaces within 
this catchment. When green areas are incorporated into 
impervious area calculations this catchment has the total 
impervious area is approximately 95% (refer to fi gure 3.8 and 
to appendix 2 for impervious calculations).
Because of this vast building coverage almost all the rainfall 
in this catchment is funnelled into the storm water system134. 
The main storm water lines act as a funnel and travel 
down Queen Street. This is the natural valley left from the 
Waihorotui Stream and the later Ligar Canal135.
The CBD zone contains the densest areas of the city in 
terms of social and commercial activities, as well as the 
most pedestrian activity resulting in high potential for public 
engagement in this area. 
There are also far less permeable areas than the Grey 
Lynn catchment and the Freemans Bay and St Mary’s Bay 
catchment and therefore success of an intervention to treat 
large amounts of storm water is far greater (refer to fi gure 
3.9).
An intervention in the CBD catchment would have the 
greatest impact on the storm water runoff as most is funnelled 
through the storm water system. The natural contours of 
the land would allow the use of gravity to feed this hydraulic 
system. There is signifi cant potential for engagement with the 
public due to high levels of pedestrian activity, and need for 
additional public spaces that are not currently fulfi lled in the 
area. There are also increased pressures of scale due to the 
large volume of water entering the storm water system and 
the lack of larger open sites136.
133  Auckland City Council, ‘Auckland District Plan’.
134  Wai Care, ‘Auckland’s Catchments’, 11.
135  Discussion on the Ligar Canal in section 2.1 – Natural to Urban
136  Importance of public engagement for a solution discussed in Section 2.11 – Public 
Engagement and Education
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Figure 3.8
CBD storm water 
catchment zone
Figure 3.9
CBD rainfall diagram
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3.5 – Water Treatment Facilities Spatial Delineation Analysis
The delineation between public and private areas is even 
more clear from the public view shaft diagrams (refer 
to fi gures 3.11, 3.12, 3.13). These facilities have some 
designated public areas where engagement of the public 
occurs. However, this rigid model hides all functioning parts 
of the facilities behind facades with a strong delineation of 
public and industrial spaces. The large open areas reveal all 
of the facility and do not lead the visitor on a precession of 
education through the building, this procession and leading 
of someone is crucial in order to encourage engagement with 
the processes of the design.
A model where people are put at the centre of the treatment 
process would be a better way of truly engaging people137 
(refer to fi gure 3.10). By immersing people completely in the 
function spaces, there would be an implicit education through 
experience rather than one which is dictated in a detached 
area. Public spaces in these examples all sit adjacent to 
water with various techniques of celebration occurring138. 
137 Importance of public engagement for a solution discussed in Section 2.11 – Public 
Engagement and Education
138 engagement as discussed in 2.11 - Public Engagement and Education, a visual and 
audiable engagement is achieved
Figure 3.10
Wrapping public spaces inside 
the treatment process
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Figure 3.11
Public view shafts and 
spatial arrangement, 
Willamette River Water 
Treatment Plant, 
Wilsonville, Oregon
Figure 3.12
Public view shafts and 
spatial arrangement, 
Newtown Creek Wastewater 
Treatment Plant, 
Brooklyn, New York
Figure 3.13
Public view shafts and 
spatial arrangement, 
Advanced Water 
Purifi cation Facility, 
Oxnard, California
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In the Willamette river emulation, water moves slowly through 
a series of ponds creating a tranquil garden experience (refer 
to fi gure 3.15). Public meeting rooms and walks surround this 
area letting people enjoy this space139.
The Stairwell in a public section of the Newtown facility uses 
water in rapid motion in a sculptural stairwell, here excitement 
and louder sounds engage the public140 (refer to fi gure 3.16).
The wetlands surrounding the public entrance and lecture 
areas of the Advanced Water Purifi cation Facility educate 
people about alternative methods of water treatment while 
still water create a calm atmosphere141 (refer to fi gure 3.14).
139  Miller Hull Partnership, LLP, ‘Willamette River Water Treatment Plant’, Miller Hull, 
2014, http://www.millerhull.com/html/nonresidential/wwtp.htm.
140  Designboom, ‘Ennead Architects + Vito Acconci + George Trakas: Newtown 
Creek’, Designboom, 13 June 2013, http://www.designboom.com/architecture/ennead-archi-
tects-vito-acconci-george-trakas-newtown-creek/.
141  Archdaily, ‘Advanced Water Purifi cation Facility / Mainstreet Architects + Planners, 
Inc.’
Figure 3.14
Demonstation wetlands sur-
round public building, 
Advanced Water 
Purifi cation Facility, 
Oxnard, California
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Figure 3.15
Meeting room adjacent 
to wetlands, 
Willamette River Water 
Treatment Plant, 
Wilsonville, Oregon
Figure 3.16
Stairs with water feature, 
Newtown Creek Wastewater 
Treatment Plant, 
Brooklyn, New York
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3.6 – Water Treatment Facilities Scale Analysis
The scale of the facility differs depending on the catchment 
zone selected for the project142. The scale of the zones 
need to be considered in relation to available sites and the 
contextual surrounding of building scales (refer to fi gure 
3.17). 
The conditions in the CBD, where there are less open spaces 
but higher densities, produce a very different result than one 
in Grey Lynn where larger open areas and lower densities 
and prevalent143. The Freemans Bay and St May’s Bay 
catchment would suggest a density somewhere in between 
the two extremes of the other catchments mentioned.
By analysing the amount of water each facility can treat, 
a square metre factor can be determined for the area of 
the facility divided by the volume of water. To compare the 
different facilities and catchment area requirements the 
amount of rainfall in each catchment that makes it to the 
storm water system can be multiplied to give a resulting the 
size of plant required for each of the precedent treatment 
models (refer to appendix 3 for scale calculations).
142  Catchment zone analysis discussed in Sections 3.2 – Grey Lynn Storm Water 
Analysis, 3.3 – Freemans Bay and St Mary’s Bay Storm Water Analysis, and 3.3 - CBD Storm 
Water Analysis
143  Auckland City Council, ‘Auckland District Plan’.
Figure 3.17
Scale of treatment plants in 
Auckland
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Figure 3.18
Scale of mass, 
Willamette River Water 
Treatment Plant, 
Wilsonville, Oregon
Figure 3.19
Scale of mass, 
Newtown Creek Wastewater 
Treatment Plant, 
Brooklyn, New York
Figure 3.20
Scale of mass, 
Advanced Water 
Purifi cation Facility, 
Oxnard, California
68
3.7 – Water Treatment Facilities Re-Massing Analysis
The ability for a facility to provide enough water treatment in 
the context of available space differs between the catchment 
zones. As each zone has varying levels of density, building 
heights, and available site space. The manipulation of the 
building mass becomes a critical part of the design process 
(refer to fi gures 3.22, 3.23, 3.24). 
These re-massing exercises do not only seek to overcome 
physical constraints of space but also explore the possibilities 
of spatial arrangements that can be achieved. Through site 
constraints un-conventional relationships begin to emerge 
and where a sprawling model is not an option vertical 
arrangements emerge (refer to fi gure 3.21). These vertical 
compositions of facility schematics explore potential to 
incorporate the public in interesting and immersive ways144.
144  Importance of public engagement for a solution discussed in Section 2.11 – Public 
Engagement and Education
Figure 3.21
Scale of treatment plants in 
Auckland
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Figure 3.22
Remassing experiment, 
Willamette River Water 
Treatment Plant, 
Wilsonville, Oregon
Figure 3.23
Remassing experiment, 
Newtown Creek Wastewater 
Treatment Plant, 
Brooklyn, New York
Figure 3.24
Remassing experiment, 
Advanced Water 
Purifi cation Facility, 
Oxnard, California
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3.8 – Water Resilient Spaces
The water conditions in different parts of the world have led 
to variations in local attitudes towards water management. 
Cities in areas that are low lying and prone to fl ooding have 
developed building models and urban layouts to help reduce 
fl ood risk. This has been achieved by incorporating variable 
levels of water caused by tidal changes or large infl uxes 
from rainwater without disrupting daily life and safety for its 
residents. Through the use of canals and fl ood plain areas, 
variations in water can be controlled without unforeseen 
negative impacts on the local population145.
Accepting that there are large variations in the water levels 
in cities and planning for these variations in water to prevent 
interrupting the metropolis is a model that responds to an 
identifi ed problem. Flooding over decades or centuries has 
led designers to look at how to eliminate this problem so that 
the city can remain functioning at all times146. 
Some designers have started to go a step further by looking 
at how to integrate these water level variations into urban 
spaces as a means to enhance the cities attractiveness 
while still providing easement of the original issue147 (refer to 
fi gures 3.25 - 3.35).
145  Hoyer et al., Water Sensitive Urban Design: Principles and Inspiration for Sustain-
able Stormwater Management in the City of the Future, viii.
146  Brown, Keath, and Wong, ‘Transitioning to Water Sensitive Cities: Historical, 
Current and Future Transition States’, 11.
147  De Urbanisten, ‘Water Square Bentheplein’, De Urbanisten, accessed 20 June 
2016, http://www.urbanisten.nl/wp/?portfolio=waterplein-benthemplein.
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Figure 3.25
Terraced Square low water 
level
Figure 3.26
Terraced Square medium 
water level
Figure 3.27
Terraced Square high water 
level
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Figure 3.28
Reservoir Amphitheater low 
water level
Figure 3.29
Reservoir Amphitheater high 
water level
Figure 3.30
Water Balloon low water level
Figure 3.31
Water Balloon high water level
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Figure 3.35
Floating Square high water 
level
Figure 3.34
Floating Square low water 
level
Figure 3.33
Overfl ow Aqueduct high water 
level
Figure 3.32
Overfl ow Aqueduct low water 
level
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3.9 – Water Square Bentheplein
Designers - City of Rotterdam Engineering Bureau
Location - Rotterdam
Date - 2012
The Water square project doubles as water storage and fl oor 
prevention during periods of rainfall and an amphitheatre and 
basketball court during dry times (refer to fi gures 3.36, 3.37). 
This is the fi rst square of this kind to be realised148.
The project incorporated public meetings in the existing 
square to talk to local groups about desired recreational 
activities that they would like to see in their local 
neighbourhood149.
The design takes advantage of the terraced square and 
deep square150 and demonstrates the success of this type of 
thinking in practise151. 
148 De Urbanisten, ‘Water Square Bentheplein’, De Urbanisten, accessed 20 June 
2016, http://www.urbanisten.nl/wp/?portfolio=waterplein-benthemplein.
149  Interesting to note that engaging the public as discussed in section 2.11 – Public 
Engagement and Education, occurred during the design process.
150  As discussed in section 3.9 – Water Resilient Spaces
151 Importance of public engagement for a solution discussed in Section 2.11 – Public 
Engagement and Education
Figure 3.36
Water Square Plan
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Figure 3.38
Water Square gutter detail
Figure 3.37
Water Square during a dry day
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3.10 – Water as a Spatial Element
Water infrastructure was a key part of Renaissance cities. 
Fountains were used to distribute water into the cities, and 
also celebrated the abundance of water by beautifying the 
infrastructure152. While these fountains served practical 
means they also engaged the population, and added to the 
status of their patrons153. The fountains were integrated into 
the urban environment with squares acting as focal points 
and providing relief from the dense urban space for citizens 
around the city154. These key pieces of infrastructure defi ned 
the aesthetic identity and engineering achievements of Rome 
while serving a vital public service (refer to fi gure 3.39)155.
Examining the way these fountains excited the senses 
through sight, sound, and touch in order to understand the 
potential qualities of water in various manifestations is an 
important exercise in exploring the engagement potential 
of water as an architectural element (refer to fi gures 3.40 - 
3.45). Water that is still, turbulent, dripping, fl owing, trickling, 
and stirring invoke very different emotional responses in 
those that experience it.
152  Ibid., 49.
153  Ibid., 62.
154  Ibid., 49.
155 Engagement in daily life as discussed in Section 2.11 – Public Engagement and 
Education
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Figure 3.39
Fontana del Pantheon
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Figure 3.41
Water gushing down tunnel 
with light from behind
Figure 3.40
Still water in channel with slot 
light above
Figure 3.42
Water poured on glass screen 
with light from high left
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Figure 3.43
Detached side wall of water 
with light coming through into 
space
Figure 3.44
End wall and fl oor of water 
with light coming through into 
space
Figure 3.45
Refl ection of still pool of water 
with light from left side
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Figure 3.46
Concept collage
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...is the cause at times of life or death, or increase or 
privation, nourishes at times and at others does the 
contrary; at times has a tang, at times is without savor, 
sometimes submerging the valleys with great fl oods...156
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4.1 – Design Brief
Low levels of public engagement with water management, 
supply and protection put the future supply of clean water 
at risk. Examples such as Havelock North and South 
Dunedin illustrate that complacency can have disastrous 
consequences. This project establishes a water treatment 
facility that makes visible the unseen processes involved in 
water management.
A strategy is employed that integrates water treatment 
infrastructure and public spaces, creating a unique identity 
and improving environmental quality. This new public realm 
encourages engagement with water treatment processes and 
produces educational components that celebrate water in 
cities. It is an expression of the water treatment process and 
traces the journey of water through the city.
The issues identifi ed during the research process are:
 
 Appropriate urban intervention
 Storm water management
 Water treatment and the technical requirements
 Scale of intervention(s)
 The water resilience of public spaces
 Integration of public and procession
 Exploration of water as a spatial element
During the subsequent iterative design process these issues 
are negotiated to achieve the goals stated above.
156 Martin Kemp, Leonardo Da Vinci: The Marvellous Work of Nature and Man, (Ox-
ford: Oxford University Press, 2007), 306. 
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The program consists of:
 Water treatment
  Administration
  Untreated water storage
  Pumping
  Coarse fi ltration
  Wetlands
  Ozonation
  Micro fi ltration
  Ultra violet treatment
  Clean water storage
  Pumping to the potable water network
 
 A public square to engage with clean water
 Public educational procession through the water    
 treatment process
 
 A cafe for public engagement through supplementary  
 functions
 
Figure 4.1 (on previous page)
Inhabiting a storm water drain
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4.2 – Specifi c Zone Analysis - Contours
The CBD catchment area has been chosen for investigation. 
This area has been identifi ed in previous analysis as having 
the greatest potential for impact of an intervention because of 
its high levels of impervious surfaces157. This is strengthened 
by the large portion of rainwater that enters the storm water 
system coupled with the high potential for public engagement 
in a high density area with signifi cant pedestrian levels (refer 
to fi gure 3.9).
Analysis of the contours shows the natural Valley within 
this catchment zone which funnels a large amount of the 
water into Queen Street (refer to fi gure 4.2). The blue 
band indicates where the land levels out and is consistent 
with the original shoreline of Auckland. North of this blue 
band reclamation occurred to increase the usable land for 
commercial activities, centring around the port district (refer to 
fi gures 2.4, 2.5). 
Within the blue band would be an appropriate place to 
position the intervention as the existing storm water system 
that relies on gravity could be utilised. Further investigation 
determines the point where the main treatment facility is 
realised, although it is important to also speak to the water 
passing through this catchment as a whole.
157 Impervious surface assessment in 3.4 - CBD Storm Water Analysis
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Figure 4.2
Auckland CBD catchment 
contours
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4.3 – Specifi c Zone Analysis - Storm Water System
Analysis of the storm water system in this diagram displays 
the network of storm water pipes in black, which then feed 
into main lines in red and are discharged into the harbour at 
fi ve locations (refer to fi gure 4.3). 
Any site within the blue band would be able to draw from 
multiple main lines. There may be a requirement to pump 
from the end of the network back to the treatment facility to 
ensure all water has been captured.
The current outlets along the harbour front are simply pipes 
that discharge water above the high tide line to avoid fl ooding 
the system during high tide, although there have been events 
where King Tides have resulted in this system failing (refer to 
fi gure 2.31).
These discharges would be removed in the scheme to stop 
the un-treated water from entering the harbour. This would 
in turn benefi t the harbour side developments which seek 
to interact with a water front that has become increasingly 
polluted and unsightly from excessive rubbish being 
discharged into this area from the CBD catchment zone158 
(refer to fi gure 2.30).
158  Prepared by Auckland Council, ‘Auckland Unitary Plan Stormwater Management 
Provisions: Technical Basis of Contaminant and Volume Management Requirements’, 25.
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Figure 4.3
Auckland CBD catchment 
storm water lines and outlet
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4.4 – Specifi c Zone Analysis - Built Environment
By adding overlaying existing structures and zoning areas 
of signifi cance, this diagram begins to narrow the selection 
of sites. It would not be appropriate to demolish structures in 
order to achieve an intervention. While scale is a challenge 
in such a densely built area, this does not have make a 
treatment centre unfeasible, rather it offers constraints which 
need to be negotiated159. 
The existing public spaces in the catchment zone are 
indicated in the diagram in dark brown and the growing 
network of pedestrian priority streets such as Fort Lane, Fort 
Street, Jean Batten Place, Vulcan Lane, Elliot Street, Darby 
Street and O’Connell Street are indicated in light brown (refer 
to fi gure 4.4). 
This pedestrian friendly area has great potential for 
incorporation into the design, as it allows a borrowing of 
adjacent spaces to the site and a contextualisation of the 
design into the existing public areas. By accepting current 
urban desires and utilising these spaces, the intervention can 
benefi t and add to the on-going progress in this district of the 
city. 
The pedestrian network is also lacking a focal point such as a 
public piazza, which could create the necessary engagement 
the design would require to promote education160. Britomart 
is located close to this band and does provide some public 
amenities and the conversation between these two public 
areas and the ability to complement each other increases the 
area as a whole.
As this space seeks to celebrate the unseen infrastructural 
conditions, provide education, and challenge water treatment 
models there is enough of a point of difference from nearby 
public spaces in terms of program that there should not be a 
competition but rather a mutual benefi t161.
159 Negotiating scale constraints discussed in 3.7 - Water Treatment Facilities 
Re-Massing Analysis
160 Imporatance of public engagement as discussed in 2.11 Public Engagement and 
Education
161 Infrastructure as a positive piece of the city discussed in 3.10 - Water as a Spatial 
Element
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Figure 4.4
Auckland CBD catchment built 
environment, public spaces 
and pedestrian zones
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4.5 – The Journey
Illustration of the journey of water through the city is a crucial 
part of the design in order to engage with the public through 
the entire CBD. This brings the issue of water to the surface 
of everyday life and begins the conversation with the urban 
environment at the point of rainfall and traces the path of 
water to the facility162.
This tracing of the journey engages with the pedestrian 
procession and with the existing storm water procession at 
junction points between these two networks (refer to fi gure 
4.5). Marking various points where possible intervention 
could take place in the form of sensory engagement between 
pedestrians and the water network beneath their feet 
allows for an investigation into possible small scale urban 
interventions (refer to fi gures 4.6 - 4.9).
This network contextualises the major facility within the 
network of people and water infrastructure in the city and 
allow for a focal point through the peeling back of the city’s 
functional layers. This focal point acts as a celebration 
with the tracing elements acting as an introduction to 
the conversation about water management in the urban 
environment163. Tracing of the path of water continues through 
the building to engage people with the water treatment 
process directly.
Unlike the Roman fountain model where an abundance 
of water and wealth of a patron was celebrated through 
infrastructure, this model would look to celebrate a 
sustainable model of turning waste water into a resource and 
the civic duty of a society enriched by a unique infrastructural 
language164.
162 Interacting with people during daily activities as discussed in section 2.11 Public 
Engagement and Education
163 Celebration as discussed in section 2.11 Public Engagement and Education and 
section
164 The driving motivation behind a Roman fountain discussed in 3.10 - Water as a 
Spatial Element
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Figure 4.5
Points of engagement between 
storm water network and 
pedestrian zones
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Figure 4.6
The path of storm water from 
above left to right
Myers Park, Aotea Square, 
Elliot Street, Queen Street
Figure 4.7
The storm water outlet 
discharging beneath the Wharf 
the at the base of 
Hobson Street
RORY KEEGAN | WATER REIGNS
95
Figure 4.8
Open channel drain and the 
pipes beneath on Durham 
Street East
Figure 4.9
Roadside gutter and the 
network of pipes beneath on 
Queen Street
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Furthering the idea of the journey following the path of water 
through the city, is the path of water through the treatment 
process in the design. This path will require the visitors to 
be shown only pieces of the path at a time, with more being 
revealed as they move through space. Investigations into how 
to hide and reveal different areas as you move through space 
is shown in the following studies (refer to fi gures 4.11 - 4.19).
Figure 4.11
View shafts sectional study 1
Figure 4.12
View shafts sectional study 2
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Figure 4.13
View shafts sectional study 3
Figure 4.14
View shafts sectional study 4
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Figure 4.15
View shafts sectional study 5
Figure 4.16
View shafts sectional study 6
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Figure 4.17
View shafts sectional study 7
Figure 4.18
View shafts sectional study 8
Figure 4.19
View shafts sectional study 9
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4.6 – Site Selection
The vacant car park between Fort Street and Shortland Street 
is identifi ed as the most promising site based on the previous 
conditions and analysis (refer to fi gures 4.2 - 4.5). This 
location is able to engage with the storm water system, the 
pedestrian environment, borrow from adjacent functions of 
adjacent public realm, engage with locals and the large tourist 
presence in the area165. 
There is also an appropriate scale of adjacent buildings 
that allows the design to investigate vertical arrangements 
necessary to the program requirements of a dense area (refer 
to fi gure 4.10). This also provides the potential for a public 
open space to be successful, drawing on its density, north 
orientation and pedestrian presence (refer to fi gure 4.11).
There are signifi cant view shafts and pedestrian routes that 
are currently used by the site in an ad-hoc manner. These 
conditions connect the project to the urban context both 
immediate and Auckland wide.
165 As discussed in sections 2.11 - Public Engagement and Education, 4.4 - Specifi c 
Zone Analysis - Built Environment, and 4.5 - Tracing the Water
Figure 4.20
Site aerial photograph
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Figure 4.21
Immediate site context 
analysis
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4.7 – Massing Study
Massing studies were crucial in order to understand how 
the different functional requirements of the water treatment 
process could be fulfi lled with the tight constraints of site166.
Initially clay was used as a quick way of demonstrating how 
the mass could be manipulated while still allowing for the 
appropriate procession of water through the building. This 
massing was informed by experiments of precedent mass 
(refer to fi gures 3.22 - 3.24).
These initial studies informed possibilities around scale 
and mass although the process was becoming hindered 
by the modelling material (refer to fi gures 4.13 - 4.18). Any 
manipulation seemed heavy and relied on stacking elements 
one atop the other leading to limited solutions for opening up 
space for public engagement.
166 As discussed in section 3.7 - Water Treatment Facilities Re-Massing Analysis
Figure 4.22
Masses of required program 
sizes in clay
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Figure 4.24
Stacked clay masses 
iteration 1
Figure 4.23
Stacked clay masses 
iteration 1 sketch
Figure 4.26
Stacked clay masses 
iteration 2
Figure 4.25
Stacked clay masses 
iteration 2 sketch
Figure 4.28
Stacked clay masses 
iteration 3
Figure 4.27
Stacked clay masses 
iteration 3 sketch
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4.8 – Utilising a Frame
The diffi culties faced in initial massing studies led to the 
implementation of a frame. Clay masses were reformed in 
Plasticine which could be broken into smaller modules to 
adhere to the grid matrix (refer to fi gures 4.19, 4.20). The 
rigid frame allowed increased fl exibility in the manipulation of 
mass.
This frame started as a conceptual tool to allow the mass 
of the building to be ‘plugged in’ to the grid matrix in a freer 
manner (refer to fi gure 4.21). Masses could now be removed 
from one and other, leading to a series of investigations into 
void and mass with the potential of both being explored.
In a rapid process of massing to prototyping different 
arrangements the possibilities that the frame allowed for 
became apparent (refer to fi gures 4.22 - 4.25). Areas could 
become much more open leading to an understanding of the 
mass of the building as elements suspended within larger 
environment, rather than as an object created by the parts 
grouped together.
This initial frame was modelled to fi ll most of the site and 
also to create an inviting public space, respect the adjacent 
sites and be a positive member of the surrounding urban 
environment, thus maximizing its foot print would not be 
the solution. The frame showed that there is potential for a 
considerable reduction in footprint while still achieving the 
functional requirements of the building (refer to fi gure 4.26).
Figure 4.29
Clay masses converted to 
Plasticine
Figure 4.30
The larger clay masses broken 
into modules to fi t the frame
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Figure 4.31
Conceptual grid frame
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Figure 4.32
‘Plugged in’ Plasticine 
masses iteration 1
Figure 4.33
‘Plugged in’ Plasticine 
masses iteration 2
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Figure 4.34
‘Plugged in’ Plasticine 
masses iteration 3
Figure 4.35
‘Plugged in’ Plasticine 
masses iteration 4
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4.9 – Initial Sketch Design
In order to understand the architectural issues that need to 
be addressed a sketched section and plan were used. This 
made clear areas of further inquiry and important next steps 
in the project.
Figure 4.36
Initial plan sketch
109
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Initial section sketch
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This initial sketch design was evaluated in terms of spatial 
delineation as the precedents were and sectional studies 
investigated167. The precedents were criticised for separating 
the spaces to strongly which did not allow for engagement 
with the public, these spaces have an insuffi cient amount of 
enclosure to create a feeling a place or foster engagement. 
Instead the result is a loss of space and a lack of dwelling 
potential. 
167 Reger to sections 3.5 - Water Treatment Facilities Spatial Delineation Analysis and 
4.5 - The journey
Figure 4.38
Initial plan spatial delineation 
analysis
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Figure 4.39
Initial section spatial 
delineation analysis
112
4.10 – Manipulation of the Frame
The previous massing demonstrated that there is potential 
for reduction in footprint, which is also desired by the 
urban environment. Although there are considerable scale 
constraints on a water treatment facility in the CBD there 
are equally important public space requirements in the brief 
necessary to reduce the footprint and create public space on 
the street168.
An investigation into how the frame could be manipulated to 
achieve this led to a series of sketches where the frame is 
split into multiple areas, sections of the frame are removed, 
the masses span between perimeter frames and the frame is 
recessed from the site boundaries (refer to fi gures 4.27, 4.28, 
4.29).
What started as a conceptual tool to allow the manipulation 
of mass started to become the skeleton which supported the 
building and express the overall framework that allowed this 
process and function to occur. By setting the building back 
from the northern boundary a public piazza can be created 
on the street front (refer to fi gure 4.30). This allows for the 
direct engagement with a pedestrian heavy environment on 
which can act as relief from the street environment and form 
a public square169. 
Activating this square is crucial to the success of the space 
and various activities have been considered for it.
168 Informal education as discussed in 2.11 - Public Engagement and Education
169 Engaging with pedestrians as discussed in 2.11 - Public Engagement and  
Education and 4.5 - Tracing the Water
Figure 4.41
Manipulation of the frame
iteration 2
Figure 4.40
Manipulation of the frame
iteration 1
Figure 4.42
Manipulation of the frame
iteration 3
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Figure 4.43
Manipulation of the frame
iteration 4
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4.11 – Manipulation of the Grid
The regular grid which assisted in the early design concept 
was a useful tool but it assumed a ‘one-size-fi ts-all’ approach 
to the spatial qualities of the various functions and foster a 
progression through the manipulation of scale. A manipulation 
of this grid allows for varying scales of space, and a collage 
of intimacy throughout the building (refer to fi gures 4.31 - 
4.37).
By exploring the removal columns, of areas of the grid to 
form atrium, the different solid and void elements of the 
design have the potential to move in many directions. The 
arrangement in fi gure (refer to fi gure 4.37) allows for a central 
space to become more grand, with auxiliary spaces located 
to the edges. This arrangement frames a central area where 
an atrium and public areas can sit with service shafts and 
circulation to the perimeter.
Figure 4.47
Manipulation of the grid
iteration 4
Figure 4.45
Manipulation of the grid
iteration 2
Figure 4.44
Manipulation of the grid
iteration 1
Figure 4.48
Manipulation of the grid
iteration 5
Figure 4.46
Manipulation of the grid
iteration 3
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Figure 4.49
Manipulation of the grid
iteration 6
Figure 4.50
Manipulation of the grid
iteration 7
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4.12 – Senses Immersed in Water
A central atrium space where visitors’ senses are immersed 
in the experience of water is a key part of the project to excite 
and engage the public (refer to fi gures 4.38 - 4.41). These 
various platforms could be engaged with in different manner, 
from being inhabited directly, to being viewed from various 
angles, to providing sound elements that contribute to the 
visceral nature of the area170.
170 Looking at drawing on ideas discussed in 3.10 - Water as a Spatial Element
Figure 4.51
Grid with suspended angled 
platforms
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Figure 4.53
Cascading water 2
Figure 4.52
Cascading water 1
Figure 4.54
Cascading water 3
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4.13 – Moulding Light and Varying Intimacy
Considering at the different programmatic requirements of the 
design, there are multiple spatial conditions that emerge171. 
Control rooms, administration and laboratories have a very 
different scales from areas of public space and wetlands. 
Ultraviolet treatment requires light, ozonation discharges 
gases and pumping and fi ltration have noise stresses. The 
unifying feature of these spaces is the requirement of a raw 
material, water.
By adjusting the spacing between fl oor plates the spaces 
begin to take on feelings (refer to fi gures 4.42 - 4.45). A 
gradient from darker more private or intimate spaces, to 
grander bright spaces begin to take form. This spacing 
is assisted by the grid and frame manipulation begins to 
delineate complex spatial arrangements.
171 For program size variations see 2.5 Water Treatment Facilities Program Analysis, 
3.6 - Water Treatment Facilities Scale Analysis, and 3.7 - Water Treatment Facilities  
Re-Massing Analysis
Figure 4.55
Varying fl oor heights 
front view
Figure 4.56
Varying fl oor heights 
top perspective
Figure 4.57
Varying fl oor heights 
corner view
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Figure 4.58
Varying fl oor heights 
low perspective
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Exploring not only different depths vertically but also a 
drawing back of fl oors to one side enables weaves of open 
spaces across multiple levels of auxiliary spaces that relate 
into the grander spaces (refer to fi gures 4.46 - 4.49). Loading 
up one side of the building with public spaces and one with 
the more ‘industrial’ spaces is a technique used in many of 
the examples172 though these spaces would benefi t from 
vertical circulation and a procession of both people and water 
through a series of vertically arranged thresholds173.
172 For spactial arrangements see 3.5 - Water Treatment Facilities Spatial Delineation 
Analysis
173 As discussed in 3.7 - Water Treatment Facilities Re-Massing Analysis
Figure 4.59
Stepping fl oors backwards
top perspective (back)
Figure 4.60
Stepping fl oors backwards
side view
Figure 4.61
Stepping fl oors backwards
top perspective (front)
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Figure 4.62
Stepping fl oors backwards
low perspective
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By exploring stepping of the masses from side to side and 
forward to back there is a more integrative and woven 
relationship between the spaces (refer to fi gures 4.50 - 
4.53). Greater engagement between and more complex 
arrangements occur. 
Areas can be completely avoided by procession of people 
while still allowing the movement of water and vice-versa. 
By allowing areas to stand apart the ability to control the 
interaction is increased along with the possibilities to 
manipulate the water and celebrate its presence.
Figure 4.63
Stepping fl oors all directions
top perspective (front low)
Figure 4.64
Stepping fl oors all directions
side view
Figure 4.65
Stepping fl oors all directions
top perspective (front)
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Figure 4.66
Stepping fl oors all directions
low perspective
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Figure 4.67
Stepping fl oors all directions
low perspective
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4.14 - Design Development
Using the functional requirements of the treatment process to 
dictate program and the journey of people follows the water 
as the inspiration for architectural expression the quality of 
the spaces can be manipulated to engage and educate the 
public. 
Figure 4.68
Program tracing the water and 
people together
The journey of dirty water to clean water
The journey of people follows the water
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Figure 4.69
The journey of people  
following the water
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Figure 4.70
View analysis from the public 
square
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Figure 4.71
Spatial concept view from 
public square
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Figure 4.72
View analysis from the rooftop
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Figure 4.73
Spatial concept view from roof
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Figure 4.72
View analysis from the cafe
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Figure 4.75
Spatial concept view from cafe
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Figure 4.76
View analysis from the wetland
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Figure 4.77
Spatial concept view from 
wetland
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Figure 4.79
View analysis from inside the 
mechanical treatment
RORY KEEGAN | WATER REIGNS
137
Figure 4.79
Spatial concept view from 
internal treatment
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...In time and with water, everything changes”174
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The need for cities to start looking at alternative methods 
of water gathering and of protecting existing water reserves 
provided the initial motivation behind the project. There is a 
public misconception that New Zealand is “clean and green” 
with the reality being that New Zealand has some of the 
worst fresh water pollution levels in the developed world. 
An uninformed and unengaged public manifests in a level 
of general complacency toward the care and protection of 
natural resources. 
Through research into the technical requirements and existing 
technologies for water treatment, the program and functional 
parameters were established, and it was identifi ed that the 
main barrier to progress was public apathy. By examining 
attitudes in New Zealand, it became apparent that there 
was insuffi cient knowledge and disregard for the precarious 
situation that exists. Therefore, greater engagement and 
education is the key to encouraging active participation in a 
solution.
By using water treatment as the platform and the need to 
engage the public as the stimulus to architectural expression 
a unity has been established to create a new form of water 
treatment facility that contributes to the public discourse 
around the subject. This facility not only succeeds in 
treating the storm water and re-distributing this water into 
the CBD to fulfi l the demand within this area, but through 
public occupation of the process also demonstrates the 
wastefulness and environmental damage being caused by 
the current state of affairs. By fostering a discussion, raising 
public awareness and educating the public, it is the aspiration 
that this project could create the political will to take stronger 
action to protect New Zealand’s natural resources.174
174 Martin Kemp, Leonardo Da Vinci: The Marvellous Work of Nature and Man, (Ox-
ford: Oxford University Press, 2007), 306. 
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Figure 5.1 (on previous page)
Splashing water droplet
This research project focuses on the Auckland City urban 
environment as a case study and would need considerable 
work in order to be applied to other areas both within New 
Zealand and abroad. Further investigation of the potential for 
similar aspirations with a different case study area could be 
possible avenues for additional research including 
non-urban environments. Other areas of inquiry could 
look into the impact of decentralized models for individual 
households or developments with a focus on storm water 
recycling and effi cient water usage. An investigation into 
new building materials that do not contribute to the storm 
water pollution both in their construction application and 
manufacturing process could have considerable impact 
on the state on the environment. Architecture’s ability 
to stimulate public education through engagement with 
environmental issues warrants further investigation.
142
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Figures are original works by the author:
 unless stated otherwise; 
 credit is given to any sources used to create any works.
INTRODUCTION
Figure 1.1 – Water droplet
 Georgia Master Gardeners, http://www.fanninmastergardeners.com/2016/01/10/eddies-corner-  
 testing-for-water-quality/
THE CONTEXT OF WATER
Figure 2.1 – The world under our feet
 Lesley’s Headspace, https://oss.adm.ntu.edu.sg/ltang005/david-macaulay-illustrations/
Figure 2.2 – Contrast of Natural vs Urban
 Pinterest, https://nz.pinterest.com/pin/568790627917352197/
Figure 2.3 – Ligar’s Canal on Auckland’s Queen St
 Te Ara the Encyclopaedia of New Zealand, http://www.teara.govt.nz/en/photograph/27782/ligar-  
  canal-auckland-1860s
Figure 2.4 – Auckland’s shoreline in 1841
 original drawing by Author of shoreline adapted from
 Auckland Libraries, Sir George Grey Special Collections, Auckland Libraries, NZ Map 5711 
  http://www.aucklandcity.govt.nz/
Figure 2.5 – Auckland’s shoreline 2016
 original drawing by Author of shoreline adapted from
 Te Ara the Encyclopaedia of New Zealand, http://www.teara.govt.nz/en/photograph/27782/ligar-  
  canal-auckland-1860s
Figure 2.6 – Auckland’s water supply system
 original drawing by Author of shoreline adapted from
 Auckland’s water supply, www.watercare.co.nz
Figure 2.7 – Intake valve Cosseys Creek Dam
 IPENZ Engineers New Zealand, http://www.ipenz.org.nz/heritage/itemdetail.cfm?itemid=2684
Figure 2.8 – Pollution in the Tukituki River
 Bay Buzz, http://www.baybuzz.co.nz/archives/7237/
Figure 2.9 – Public meeting regarding Havelock North water
 Radio NZ, http://www.radionz.co.nz/news/national/312140/mayor-apologises-for-misery-of-
  water-crisis
Figure 2.10 – Filtration symbol
Figure 2.11 – Chemical treatment symbol 
Figure 2.12 – Ozonation symbol
Figure 2.13 – Ultraviolet symbol
Figure 2.14 – Wetland symbol
Figure 2.15 – Symbols of other common functions in water management facilities include water storage,   
  pumping, control rooms, electrical rooms, administration 
Figure 2.16 – Linear water treatment process with public space adjacent
Figure 2.17 – Program and treatment technique identifi cation, Willamette River Water Treatment Plant,   
  Wilsonville, Oregon
 Original drawing by Author adapted from
 eScholarship, http://escholarship.org/uc/item/8013f6z7
  City of Wilsonville in Oregon, http://www.ci.wilsonville.or.us/812/Water-Treatment-Plant-  
  Master-Plan-Update
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Figure 2.18 – Program and treatment technique identifi cation, Newtown Creek Wastewater Treatment   
 Plant, Brooklyn, New York
 Original drawing by Author adapted from
 Google Maps, https://www.google.co.nz/maps/
 American Academy of Environmental Engineers and Scientists, http://www.aaees.org/   
  e3scompetition-winners-2014honor-design2.php
Figure 2.19 – Program and treatment technique identifi cation, Advanced Water Purifi cation Facility, Oxnard,  
  California
 Original drawing by Author adapted from
 Google Maps, https://www.google.co.nz/maps/
 Archdaily, http://www.archdaily.com/451678/advanced-water-purifi cation-facility-mainstreet-  
  architects-planners-inc
Figure 2.20 – Wetland emulating nature, Willamette River Water Treatment Plant, Wilsonville, Oregon
 Miller Hull, http://www.millerhull.com/html/nonresidential/wwtp.htm
Figure 2.21 – Pumping room, Willamette River Water Treatment plant, Wilsonville, Oregon
 Miller Hull, http://www.millerhull.com/html/nonresidential/wwtp.htm
Figures 2.22 – Public viewing platform above digesters, Newtown Creek Wastewater Treatment Plant,   
  Brooklyn, New York
 Designboom, http://www.designboom.com/architecture/ennead-architects-vito-acconci-george-  
  trakas-newtown-creek/
Figure 2.23 – Wide view of facility, Newtown Creek Wastewater Treatment Plant, Brooklyn, New York
 Designboom, http://www.designboom.com/architecture/ennead-architects-vito-acconci-george-  
  trakas-newtown-creek/
Figure 2.24 – Separation of Public and Industrial, Advanced Water Purifi cation Facility, Oxnard, California
 Archdaily, http://www.archdaily.com/451678/advanced-water-purifi cation-facility-mainstreet-  
  architects-planners-inc
Figure 2.25 – Filtration room Advanced Water Purifi cation Facility, Oxnard, California
 Earth Systems, http://www.earthsystems.com/portfolioitem/advanced-water-purifi cation-facility-awpf/
Figure 2.26 – Auckland’s storm water catchments
 Original Drawing by Author Adapted from 
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
Figure 2.27 – Burried infrastructure in the city
 Pinterest, https://nz.pinterest.com/pin/459648705691523662/
Figure 2.28 – Aerial view of Castle St during South Dunedin fl ooding
 Otago Daily Times, https://www.odt.co.nz/news/dunedin/video-aerial-video-dunedin-fl ooding
Figure 2.29 – Leith River in fl ood
 Youtube, https://www.youtube.com/watch?v=haKcMrRXSLQ
Figure 2.30 – State of Queen St storm water
 Olsen, Louis, Frances Haszard, Scott Elder, and Vincent Paunovic. Waihorotiu. Trilogy, 2015. http:// 
  www.waihorotiu.co.nz/.
Figure 2.31 – Flooding on Tamiki Dr
 New Zealand Geographic, https://www.nzgeo.com/stories/three-feet-high-and-rising/
Figure 2.32 – Water shortages world wide
 Original Drawing by Author Adapted from 
 World Resources Institute, http://www.wri.org/blog/2015/08/ranking-world%E2%80%99s-most-water- 
  stressed-countries-2040
Figure 2.33 – Queen Street storm water drain
Figure 2.34 – Contaminated storm water discharging into McDonald Stream
 NIWA Taihoro Nukuragi, https://www.niwa.co.nz/fi le/30463
Figure 2.35 – Removing rubbish from Henderson Creek
 New Zealand Geographic, https://www.nzgeo.com/stories/waste-not-want-not/
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Figure 2.36 – Collage of public engagement with water
 Pinterest, https://nz.pinterest.com/pin/413557178254017597/
 Pinterest, https://nz.pinterest.com/pin/413557178253929465/
 Pinterest, https://nz.pinterest.com/pin/413557178253466852/
 Pinterest, https://nz.pinterest.com/pin/413557178252566738/
 Pinterest, https://nz.pinterest.com/pin/413557178252560633/
 Pinterest, https://nz.pinterest.com/pin/413557178252566865/
WATER ANALYSIS
Figure 3.1 – Inside a storm water drain
 Popular Science, http://www.popsci.com/check-out-these-haunting-pictures-global-water-issues
Figure 3.2 – The storm water catchment zones in central Auckland
 Original Drawing by Author Adapted from 
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 3.3 – Auckland’s rainfall diagram
 Original Drawing by Author Adapted from 
 Chappell, P.R. ‘The Climate and Weather of Auckland’. NIWA Science and Technology Series.   
  Auckland: NIWA. Accessed 30 April 2016. https://www.niwa.co.nz/static/Auckland%20  
  ClimateWEB.pdf.
Figure 3.4 – The Grey Lynn storm water catchment zone
 Original Drawing by Author Adapted from 
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 3.5 – Grey Lynn’s rainfall diagram
 Original Drawing by Author Adapted from 
 Chappell, P.R. ‘The Climate and Weather of Auckland’. NIWA Science and Technology Series.   
  Auckland: NIWA. Accessed 30 April 2016. https://www.niwa.co.nz/static/Auckland%20  
  ClimateWEB.pdf.
 Auckland City Council. ‘Auckland District Plan’. Auckland City Council, 1999.
Figure 3.6 – The Freemans Bay and St Mary’s Bay storm water catchment zone
 Original Drawing by Author Adapted from 
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 3.7 – Freemans Bay and St Mary’s Bay rainfall diagram
 Original Drawing by Author Adapted from 
 Chappell, P.R. ‘The Climate and Weather of Auckland’. NIWA Science and Technology Series.   
  Auckland: NIWA. Accessed 30 April 2016. https://www.niwa.co.nz/static/Auckland%20  
  ClimateWEB.pdf.
 Auckland City Council. ‘Auckland District Plan’. Auckland City Council, 1999.
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Figure 3.8 – CBD storm water catchment zone
 Original Drawing by Author Adapted from 
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 3.9 – CBD rainfall diagram
 Original Drawing by Author Adapted from 
 Chappell, P.R. ‘The Climate and Weather of Auckland’. NIWA Science and Technology Series.   
  Auckland: NIWA. Accessed 30 April 2016. https://www.niwa.co.nz/static/Auckland%20  
  ClimateWEB.pdf.
 Auckland City Council. ‘Auckland District Plan’. Auckland City Council, 1999.
Figure 3.10 – Wrapping public spaces inside the treatment process
Figure 3.11 – Public view shafts and spatial arrangement, Willamette River Water Treatment Plant,   
   Wilsonville, Oregon
 Original Drawing by Author Adapted from 
 Miller Hull, http://www.millerhull.com/html/nonresidential/wwtp.htm
Figure 3.12 – Public view shafts and spatial arrangement, Newtown Creek Wastewater Treatment Plant,   
  Brooklyn, New York
 Original Drawing by Author Adapted from 
 American Academy of Environmental Engineers and Scientists, http://www.aaees.org/   
  e3scompetition-winners-2014honor-design2.php
Figure 3.13 – Public view shafts and spatial arrangement, Advanced Water Purifi cation Facility, Oxnard,   
  California
 Original Drawing by Author Adapted from 
 Archdaily, http://www.archdaily.com/451678/advanced-water-purifi cation-facility-mainstreet-  
  architects-planners-inc
 Miller Hull, http://www.millerhull.com/html/nonresidential/wwtp.htm
Figure 3.14 – Demonstration wetlands surround public building, Advanced Water Purifi cation Facility,   
  Oxnard, California
 Archdaily, http://www.archdaily.com/451678/advanced-water-purifi cation-facility-mainstreet-  
  architects-planners-inc
Figure 3.15 – Meeting room adjacent to wetlands, Willamette River Water Treatment Plant, Wilsonville,   
  Oregon
 Miller Hull, http://www.millerhull.com/html/nonresidential/wwtp.htm
Figure 3.16 – Stairs with water feature, Newtown Creek Wastewater Treatment Plant, Brooklyn, New York
 Designboom, http://www.designboom.com/architecture/ennead-architects-vito-acconci-george-  
  trakas-newtown-creek/
Figure 3.17 – Scale of treatment plants in Auckland
 Original Drawing by Author Adapted from 
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 3.18 – Scale of mass, Willamette River Water Treatment Plant, Wilsonville, Oregon
 Original Drawing by Author Adapted from 
 Miller Hull, http://www.millerhull.com/html/nonresidential/wwtp.htm
Figure 3.19 – Scale of mass, Newtown Creek Wastewater Treatment Plant, Brooklyn, New York
 Original Drawing by Author Adapted from 
 American Academy of Environmental Engineers and Scientists, http://www.aaees.org/   
  e3scompetition-winners-2014honor-design2.php
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Figure 3.20 – Scale of mass, Advanced Water Purifi cation Facility, Oxnard, California
 Original Drawing by Author Adapted from 
 Archdaily, http://www.archdaily.com/451678/advanced-water-purifi cation-facility-mainstreet-  
  architects-planners-inc
Figure 3.21 – Scale of treatment plants in Auckland
Figure 3.22 – Remassing experiment, Willamette River Water Treatment Plant, Wilsonville, Oregon
Figure 3.23 – Remassing experiment, Newtown Creek Wastewater Treatment Plant, Brooklyn New York
Figure 3.24 – Remassing experiment, Advanced Water Purifi cation Facility, Oxnard, California
Figure 3.25 – Terraced Square low water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.26 – Terraced Square medium water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.27 – Terraced Square high water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.28 – Reservoir Amphitheater low water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.29 – Reservoir Amphitheater high water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.30 – Water Balloon low water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.31 – Water Balloon high water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.32 – Overfl ow Aqueduct low water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.33 – Overfl ow Aqueduct high water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
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Figure 3.34 – Floating Square low water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.35 – Floating Square high water level
 Original drawing by Author adapted from concepts discussed in
 Hoyer, Jacqueline, Wolfgang Dickhaut, Lukas Kronawitter, and Björn Weber. Water Sensitive Urban  
  Design: Principles and Inspiration for Sustainable Stormwater Management in the City of the  
  Future. Berlin: Jovis, 2011.
Figure 3.36 – Water Square Plan
 De Urbanisten. ‘Water Square Bentheplein’. http://www.urbanisten.nl/wp/?portfolio=waterplein-  
  benthemplein.
Figure 3.37 – Water Square during a dry day
 De Urbanisten. ‘Water Square Bentheplein’. http://www.urbanisten.nl/wp/?portfolio=waterplein-  
  benthemplein.
Figure 3.38 – Water Square gutter detail
 De Urbanisten. ‘Water Square Bentheplein’. http://www.urbanisten.nl/wp/?portfolio=waterplein-  
  benthemplein.
Figure 3.39 – Fontana del Pantheon
Figure 3.40 – Still water in channel with slot light above
Figure 3.41 – Water gushing down tunnel with light from behind
Figure 3.42 – Water poured on glass screen with light from high left
Figure 3.43 – Detached side wall of water with light coming through into space
Figure 3.44 – End wall and fl oor of water with light coming through into space
Figure 3.45 – Refl ection of still pool of water with light from left side
Figure 3.46 – Concept collage
DESIGN PROCESS
Figure 4.1 – Inhabiting a storm water drain
 Boosted, https://www.boosted.org.nz/projects/waihorotiu
Figure 4.2 – Auckland CBD catchment contours
 Original drawing by Author adapted from
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 4.3 – Auckland CBD catchment storm water lines and outlet
 Original drawing by Author adapted from
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 4.4 – Auckland CBD catchment built environment, public spaces and pedestrian zones
 Original drawing by Author adapted from
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
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Figure 4.5 – Points of engagement between storm water network and pedestrian zones
 Original drawing by Author adapted from
 Namjou, Parviz, Gerald Strayton, Alan Pattle, Mathew D. Davis, Peter Kinley, Paul Cowpertwait, Jim  
  Salinger, Brett Mullan, Greg Patterson, and Brian Sharman. ‘The Integrated Catchment   
  Study of Auckland City (New Zealand): Long Term Groundwater Behaviour and    
  Assessment’, n.d.http://www.pdp.co.nz/documents/2006namjouetal1.pdf.
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 4.6 – The path of storm water from above left to right Myers Park, Aotea Square, Elliot Street,   
 Queen Street
Figure 4.7 – The storm water outlet discharging beneath the Wharf the at the base of Hobson Street
Figure 4.8 – Open channel drain and the pipes beneath on Durham Street East
Figure 4.9 – Roadside gutter and the network of pipes beneath on Queen Street
Figure 4.11 – View shaft section study 1
Figure 4.12 – View shaft section study 2
Figure 4.13 – View shaft section study 3
Figure 4.14 – View shaft section study 4
Figure 4.15 – View shaft section study 5
Figure 4.16 – View shaft section study 6
Figure 4.17 – View shaft section study 7
Figure 4.18 – View shaft section study 8
Figure 4.19 – View shaft section study 9
Figure 4.20 – Site aerial photograph
 Original drawing by Author adapted from
 Google Maps, https://www.google.co.nz/maps/
Figure 4.21 – Immediate site context analysis
 Original drawing by Author adapted from
 Google Maps, https://www.google.co.nz/maps/
 Auckland GIS, http://maps.aucklandcouncil.govt.nz/aucklandcouncilviewer/
Figure 4.22 – Masses of required program sizes in clay
Figure 4.23 – Stacked clay masses iteration 1 sketch
Figure 4.24 – Stacked clay masses iteration 1
Figure 4.25 – Stacked clay masses iteration 2 sketch
Figure 4.26 – Stacked clay masses iteration 2
Figure 4.27 – Stacked clay masses iteration 3 sketch
Figure 4.28 – Stacked clay masses iteration 3
Figure 4.29 – Clay masses converted to Plasticine
Figure 4.30 – The larger clay masses broken into modules to fi t the frame
Figure 4.31 – Conceptual grid frame
Figure 4.32 – ‘Plugged in’ Plasticine masses iteration 1
Figure 4.33 – ‘Plugged in’ Plasticine masses iteration 2
Figure 4.34 – ‘Plugged in’ Plasticine masses iteration 3
Figure 4.35 – ‘Plugged in’ Plasticine masses iteration 4
Figure 4.36 – Initial plan sketch
Figure 4.37 – Initial section sketch
Figure 4.38 – Initial plan spatial delineation analysis
Figure 4.39 – Initial section sptial delineation analysis
Figure 4.40 – Manipulation of the frame iteration 1
Figure 4.41 – Manipulation of the frame iteration 2
Figure 4.42 – Manipulation of the frame iteration 3
Figure 4.43 – Manipulation of the frame iteration 4
Figure 4.44 – Manipulation of the grid iteration 1
Figure 4.45 – Manipulation of the grid iteration 2
Figure 4.46 – Manipulation of the grid iteration 3
Figure 4.47 – Manipulation of the grid iteration 4
Figure 4.48 – Manipulation of the grid iteration 5
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Figure 4.49 – Manipulation of the grid iteration 6
Figure 4.50 – Manipulation of the grid iteration 7
Figure 4.51 – Grid with suspended angled platforms
Figure 4.52 – Cascading water 1
Figure 4.53 – Cascading water 2
Figure 4.54 – Cascading water 3
Figure 4.55 – Varying fl oor heights front view
Figure 4.56 – Varying fl oor heights top perspective
Figure 4.57 – Varying fl oor heights corner view
Figure 4.58 – Varying fl oor heights low perspective
Figure 4.59 – Stepping fl oors backwards top perspective (back)
Figure 4.60 – Stepping fl oors backwards side view
Figure 4.61 – Stepping fl oors backwards top perspective (front)
Figure 4.62 – Stepping fl oors backwards low perspective
Figure 4.63 – Stepping fl oors all directions top perspective (front low)
Figure 4.64 – Stepping fl oors all directions side view
Figure 4.65 – Stepping fl oors all directions top perspective (front)
Figure 4.66 – Stepping fl oors all directions low perspective
Figure 4.67 – Stepping fl oors all directions low perspective
Figure 4.68 – Program tracing the water and people together
Figure 4.69 – The journey of people following the water
Figure 4.70 – View analysis from the public square
Figure 4.71 – Spatial concept view from public square
Figure 4.72 – View analysis from the rooftop
Figure 4.73 – Spatial concept view from roof
Figure 4.74 – View analysis from the cafe
Figure 4.75 – Spatial concept view from cafe
Figure 4.76 – View analysis from the wetland
Figure 4.77 – Spatial concept view from wetland
Figure 4.78 – View analysis from inside the mechanical treatment
Figure 4.79 – Spatial concept view from internal treatment
Conclusion
Figure 5.1 –  Splashing water droplet 
 http://wallpaperswide.com/water_art-wallpapers.html
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8 – APPENDIX
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160
Above Scheme Plan NTS
Right Section Cut NTS
7.1 – Final Design Presentation
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Above Spatial Concept
Right Program Diagram
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Folded Section NTS
164
Shortland Street Entrance Internal of Reservoir
Between two Forms Public Stairs on Square
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Stairwell Rooftop toward Fort Street
View from Public Square Fort Street
166
Exploded Axonometric NTS
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Final Presentation
7.2 – Impervious Area Calculations
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7.3 – Scale Factor Calculations
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